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PREFACE 

Most colleges of agriculture offer a course in market milk for Juniors 
and Seniors specializing either in dairying or dairy industry. Such 
students have usually completed a first course, which includes the 
principles of dairying and the testing of products. The present text 
is planned, therefore, for those who have already had some instruction 

or some experience. 
In preparing this book the authors have aimed to cover both the 

theoretical and the practical phases of market-milk production and the 
processing of related products such as cream. Some of these products are 
of recent origin; their preparation is now described for the student and 
for the practical man engaged in commercial work. 

The Market-milk Industry” attempts to correlate the applications of 
science with milk-plant operation. Though the subject matter has been 
arranged primarily as a text for classroom instruction, to provide a 
view of this industry as a whole, certain practical information included 
should be valuable also to milk-plant operators, dairy inspectors, and 
producer-distributors. 

The teacher may omit any portions that do not apply to his particular 
course. The order of presentation was determined primarily by the 
logical sequence of events in the production, processing, and distribution 
of milk and secondarily by the organization of the laboratory exercises 
given in conjunction with the lectures. Chapters may readily be assigned 
in a different sequence. Certain chapters, however, should logically 
precede others: For example, Chap. VIII should precede Chaps. IX and 
XII, and Chap. XV should precede Chap. XVI. 

The authors express their appreciation to Dr. Celeste Turner Wright, 
head of the English Department, University of California, College of 
Agriculture at Davis, who read the manuscript, and to Prof. II. L. Perry 
of the Agricultural Engineering Division, who furnished advice on Chaps. 
X\ and X\ I. They are also indebted to dairy-equipment manufacturers 
and to operators of dairy plants for many illustrations and for helpful 
suggestions. 

Chester Linwood Roadhouse, 

James Lloyd Henderson. 
Davis, Calif., 

July, 1941. 
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THE MARKET-MILK 
INDUSTRY 

CHAPTER I 

HISTORY AND DEVELOPMENT OF THE 

MARKET-MILK INDUSTRY 

The market-milk industry as a major enterprise is of comparatively 

recent origin. Though the oldest written records report milk as an 

important food, its distribution as a separate commercial business did not 

develop until the concentration of populations in cities. In this country 

the change has taken place most rapidly during the past eighty years. 

Table 1 gives the populations of the early important American cities at 

different periods. 

Table 1.—Populations of the Early Important Cities of the United States 

at Different Periods1 

City 1800 1850 1900 1930 1940 

New York. 79,216 696,115 2,437,202 6,930,446 7,454,995 
Boston. 24,937 136,881 560,892 781,188 770,816 
Philadelphia. 41,220 121,376 1,293,697 1,950,961 1,931,334 
New Orleans. 17,242 116,375 287,104 458,762 494,537 

i 
Chicago. 

(1810) 

29,963 1,698,575 3,376,438 3,396,808 

In 1800, only six cities in the United States had more than 8,000 popu¬ 

lation. Their total constituted 4 per cent of our population at that time. 

In 1850, 12.5 per cent, of the people lived in cities of more than 8,000; in 

1900, 32 per cent; and in 1930, 49.1 per cent. 

Since the transition from rural to urban communities in the United 

States has been rapid, Americans might conclude that market-milk 

distribution is a new industry. This view is correct when we consider the 

industry ol today; but cities of the old world have recognized its problems, 
from a public-health standpoint, for a long time. 

1 Superior numerals in the text refer to the numbered references at the end of the 

1 



2 THE MARKET-MILK INDUSTRY 

Dairying Advanced with Population.—Between 1850 and 1900 the 

total population in New York, Boston, Philadelphia, and Chicago was 

multiplied by 7. Other cities were growing, and with this rapid increase 

in population came an unprecedented development in dairying. In 1850 

the production of milk, butter, and cheese had become greater in America 

than in any other country. Along with the growth in population came, 

about 1880, the factory system of manufacturing dairy products. This 

development was aided by the centrifugal cream separator, which was 

invented and placed on the market in 1878. Until after the cream 

separator was invented, the sale of sweet cream for city distribution was 

not possible because the product deteriorated during the many hours 

required for creaming milk by the gravity method. The cream separator 

and the Babcock test revolutionized the dairy business, making it 

possible to purchase and dispose of large volumes of milk on a business 

basis. 
Milk Problems in European Cities.—The relation ot milk to public 

health was recognized early in certain cities of Europe. In 1599, accord¬ 

ing to the records reported by Brew,2 the Senate of Venice forbade, under 

penalty of death, the sale or use of butter, milk, or cheese during an 

epidemic. Again in 1682 an edict demanded that milk should be buried 

because of murrain (anthrax) among the cows. 
Johann Petrias Frank, who wrote late in the eighteenth century is 

credited by Hanauer with the first attempt to put hygiene on a scientific 

basis - he stated that milk should not be handled in zinc, lead copper, 01 

brass vessels.2 In France the use of lead and copper vessels lor the pur¬ 

pose was forbidden by law. Frank stated further: “Those who seh 

milk should have clean, well-lighted, and healthful stables. T ej s oi 

give the cows fresh feed or pasture them, which latter method gnes 

cows healthful exercise. Colostral nor watered milk should not be^s . 

As early as 1742 an ordinance passed in Pans regulated the feeding of 

animals used for milk production, including cows goata, and -»• 

“The feeding of spoiled malt and any poisonous feed was prohibite . 

Brew in discussing the history of sanitary milk control, points out 

that many of the requirements for sanitary milk production and is 

tribution now being emphasized were established more than a cen un 

^“William Harley3 in 1829 described his experiences as a milkpnxhicer 

and distributor in Glasgow, Scotland, and emphasized the influence 

turnips and cabbage on flavor. according to 
Tl 180l the population of London was 1,0/9,000, and, accommg 

rr - 
^w^rtlh: milk business, and the surrounding country 
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HISTORY AND DEVELOPMENT OF THE i 

About one-third of the 
could not furnish a satisfactory quantity of milk, 

total supply was derived from city cows.” _ 
Educational Institutions Contribute to Dairy Progress.—following 

the Act of Congress of 1867, the organization of state universities and 

agricultural colleges in this country provided each state with educational 

institutions to initiate research and disseminate knowledge concerning 

agriculture and dairying. The Babcock test developed by S. M. Babcock 

in 1890 at the University of Wisconsin is among the contributions of the 

agricultural experiment stations. 
An act of Congress provided for the establishment of the U.S. Depart¬ 

ment of Agriculture at Washington, with provisions for conducting 

research in agriculture and for publishing agricultural literature. Both 

the universities and the U.S. Department of Agriculture undertook, 

throughout the nation, an extension program that has unquestionably 

spread far the knowledge of the correct procedures for sanitary milk 

production and distribution. 
Science Laid the Foundation of Progress.—Progress in modern 

dairying would have been impossible without the early scientific work 

in bacteriology and chemistry. The first important related discovery 

was that of Leeuwenhoek of Holland, who reported the improvement of 

the microscope in 1683 and who was first to observe bacteria. Lactic 

fermentation was reported by Pasteur in 1857; and the organism Strep¬ 

tococcus lactis, which commonly causes the souring of milk, was isolated 

and named Bacterium lactis by Lister in 1873. Pasteur’s experiments5 

in 1864 disproved the theory of spontaneous generation of life and stimu¬ 

lated research in the relation of bacteria to disease. Robert Koch in 

1872 proved that bacteria caused disease, and he studied the organisms 

responsible for tuberculosis and typhoid. He later studied bovine 

tuberculosis and developed tuberculin, which was used as a diagnostic 
agent. 

Science, finding in dairying almost a new field, aided in the develop¬ 

ment of methods and in giving information as to the true character of milk 

and its products. The newer knowledge of bacteriology emphasized the 

importance of sanitation and sterilization of dairy utensils and facilitated 

the rapid progress made in the market-milk industry during the past 
thirty years. 

EARLY MARKET-MILK DEVELOPMENT IN THE UNITED STATES 

During the earlier years, each household maintained its “family cow” 

or secured milk from a neighbor who supplied those living close by. The 

milk was produced without special precautions against contamination- 

but, being delivered fresh, it had little chance to deteriorate seriously 

before being consumed. Little knowledge was available concerning the 
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relation of the health of dairy animals to the wholesomeness of the milk 

they produced, but this question was less important when cows were kept 

separate or in small herds, where infections were less liable to spread. 

Growth of Cities Changed Conditions—As the population in cities 

increased, fewer households could keep a cow for private use. Sanitary 

regulations restricted the practice, and gradually the family cow was 

eliminated. Where there was sufficient vacant land within the city 

limits, cows were kept by dairymen who produced and delivered milk in 

larger quantities. As homes were built around these areas, residents 

complained of the insanitary conditions caused by the cows and of the 

disturbance resulting from dairy operations during early morning hours. 

Many cities, consequently, came to prohibit the keeping of cattle within 

the city limits. . , , . 
One highly objectionable practice was the keeping of large herds of 

cows near distilleries, where the animals were fed the refuse. Parker, 

who reports such conditions in New York as early as 1848, states that m 

that year the New York Academy of Medicine investigated the sop 

dairies ” One dairy kept 2,000 to 4,000 cows, under conditions that 

seem now almost unbelievable. Similar dairies were reported in Cin¬ 

cinnati as late as 1908. Undoubtedly, the presence of such establish¬ 

ments hastened the passage of ordinances to eliminate dairies from cities 

Dairies Moved to Country Areas.-As the increase m population 

gradually crowded out the dairies, operators who moved to adjacent 

territory in the suburbs usually found their properties again encroached 

o„ by real-estate developments, which impelled them to move stih 

farther away Thus some producers have built up two or tt • 

paro“Iuri„g a generation. In other ^^ntund d prlt 
became too valuable for crop production, and dairymen found p.otit 

- srr;:: 
tion, there was no disadvantage in locating dairies^where^la^ ^ 

expensive and crops more economica y S'0'', agricultural areas 

cities of the United States now oomes,. ^^ommonly, milk is 
fifty to one hundred miles or more aw y. , of ^ew York 

shipped two or to. hundred mdesi^ ^Sant shipping point 500 

3T Th “f lotion is now - —^ “ 
Milk Delivered by Dealers-Before 1840 many^ ^ ^ ^ 

living within a few miles of^ morl cows distributed their milk to the 

cs: - °* * - * 
- - - ** - 

as 
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producers finding it more satisfactory to concentrate on problems of 

P" Development of City Milk Plants.—When dairies were moved away 
from the cities, some producers located near by attempted to continue the 
supervision of their herds and also the retail distribution of the milk. 
Many producers found it difficult to conduct both types of business 
properly even when they purchased most of the feed required. For bes 
results, they had to choose between production and distribution. In 
new businesses established by others, the milk was purchased from farmers 
and distributed to retail and wholesale purchasers in the cities. 

Nearly all the milk sold in the United States before 1900 was delivered 
as raw (natural) milk. It was shipped or hauled from the farms in 
5- or 10-gallon cans, dumped at the milk plants into vats or can-filling 
machines, redistributed into 3-gallon cans, and then poured from these 
containers into a measure, which was emptied into the retail customer’s 
pitcher or other receptacle left standing on the back porch. This was 
the general practice in many American cities as late as 1910. 

Toward the end of the nineteenth century, Dr. Soxhlet of Germany 
was boiling milk and bottling it for infant feeding, with great success. 
When his methods were copied in America, pasteurization was substi¬ 
tuted for boiling. The adoption of pasteurization by milk distributors 
was slow, and not for many years did the practice become general. In 
New York, 5 per cent of the milk was pasteurized in 1900, 25 per cent in 
1909, 33 per cent in 1912, and 90 per cent in 1920. In 1912, 33 per cent 
of the milk received in Boston, 50 per cent in Chicago, and 75 per cent in 
Milwaukee was pasteurized. The first milk pasteurized commercially 
was heated to a higher temperature and held for a shorter period than 
today under the holding method. Some operators practiced “flash” 
pasteurization, heating the milk to about 160°F. and keeping it there for 
approximately 1 minute, followed by rapid cooling. This method was 
soon superseded by the “holding process.” In 1907, the first equipment 
for pasteurizing milk commercially by the holding method was installed 
in New York; the milk was heated between 140 and 150°F. and held for 
35 to 45 minutes. In 1908 the Department of Health forbade the selling 
of milk as pasteurized unless it had been subjected to a temperature of 
142 to 145°F. for at least 30 minutes. The holding method was then 
gradually adopted throughout the United States. 

Conditions Leading to Improved Quality.—For several years, health 
authorities and social workers were much concerned about the relative 
merits of raw and pasteurized milk. In 1892, Nathan Straus, a public- 
spirited merchant of New York, became interested in the supply for 
infants. . The following year, he established the first infant milk depot 
in America, offered sterilized milk for sale at 5 cents per quart or 1 cent 
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per glass. His interest in securing better food for babies continued, and 

in 1898 be erected a pasteurizing plant on Randall Island to supply the 

city’s waifs at a price below cost. For more than twenty years, he 

actively attempted to secure better milk and properly pasteurized milk 

for New York and elsewhere.7 In 1895, he wrote an open letter to 

American mayors to promote the use of pure milk. Speaking before 

the health boards of American and Canadian cities in 1897 and before 

the national conference of mayors and councilmen at Columbus, Ohio, 

he emphasized the influence of an impure milk supply on the death rate 

of children. He established milk depots in Brooklvn, 1 hiladelphia, 

Chicago, and St. Louis, creating public sentiment for improved quality. 

Improvement in market milk was also hastened by the invention of a 

suitable glass bottle by Thatcher in 1886 and the development of certified 

milk in 1893. The new bottle provided a means for protecting milk 

from contamination after processing, and the rules of the medical milk 

commissions concerning certified milk set a high standard for sanitary 

production and quality of all milk during the years that followed. 

A more recent development has been the efficiency of tank cars and 

tank trucks for transporting milk to the cities. 

Table 2.—Creamery, Ice-cream, and 
Dairy-plant Refrigeration, 1904-1927 

Year 

1904 

1911 
1914 

1919 
1922 

1923 
1924 

1925 
1927 

Number of plants 
Number of 
machines 

956 
989 

1,595 
2.225 2,261 

2,636 3,390 

2,796 3,678 

3,136 4,234 

3,393 4,501 

4,281 5,882 

9,296 
10,637 
16,840 
34.740 
46,398 

51,135 
59.133 
61.133 
80,791 

Mechanical Refrigeration.—Mechanical refrigeration contributed to 

he rapid development of the factory system of dairy-products^ 

»fp^£=3«S=sis 
mechanical refrigerate " of mechanical refrigeration in 

:o the dairy industry. I he mciea. reported in the 
dairy establishments in this country from 1904 to 

■Ice and Refrigeration Blue Book and Buyers Guide, as 

Table 2. 
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Health Supervision of Milk Supplies in the United States.—Appar¬ 

ently the first, law controlling the milk supply of cities in the United 

States was that passed by Massachusetts in 1856. An inspector was 

appointed in 1859 to enforce the law, the principal purpose of which was 

to prevent the adulteration of milk with water.6 In 1861 an inspector 

of dairy farms was appointed. In 1864, when the Massachusetts law 

was revised, the use of milk from diseased cows was forbidden. 

Public-health supervision was inaugurated in New York in 1866.9 

Since the officers in charge of this work were trained in the sciences of 

that period, they early recognized the potential danger from milk not 

protected from contamination. Even before the germ theory of disease 

was proved, the health authorities of some of the larger cities undertook 

to control the quality of market milk. The chief concern of city health 

departments at that time was to see that the milk was not deficient in fat 

and other milk solids, that it was not adulterated, and that preservatives 

were not used. In New York the use of ‘[swill” milk, produced from 

cows fed on distillery “slops,” was forbidden in 1873, and the watering 

of milk was prohibited in 1876. 

Before 1880, Boston, Providence, Syracuse, and Washington had 

passed ordinances providing for the collection of milk samples. The 

inspection of dairies to enforce sanitary standards was started later. 

Newark inaugurated inspection in 1882; Topeka in 1886; Denver in 

1892; Washington, San Francisco, and Los Angeles in 1895; Indianapolis 

in 189/. In 1896, the Board of Health ol New York incorporated in its 

sanitary code a section prohibiting the sale of milk except under a permit 

and subject to the rules adopted by the board. This was the beginning 

of the present effective system of controlling and protecting the milk 
supplies of cities. 

Rapid progress in milk supervision began after 1906, when the inspec¬ 

tion of country dairies and plants was inaugurated. In 1904, Dr. Thomas 

Darlington became commissioner of health for New York. He had been 

active in clnld-hospital work and had noted with concern the high infant 

and child mortality then prevailing. Believing that poor quality of milk 

waa related to tins condition, he sent inspectors into the country with 

supply0 S and °ameraS t0 SUrV6y thC S°UrceS of the New York milk 

When the inspector’s reports were completed, it was evident that 

and ^ 

from irapure mi,k ^ 

interest^1 By* 77 citiesT^the United'fitates^uul'adopted'ordinarunts 
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to provide for the sampling and testing of market milk and the inspection 

of dairies.4 5 6 7 8 9 The relation of milk to health had become so evident that 

President Theodore Roosevelt in 1907 ordered a thorough study of the 

problem by the U.S. Public Health Service. The following year the 

Public Health and Marine Hospital Service published Bulletin 41, Milk 

and Its Relation to the Public Health,10 which contained 751 pages. 

This was the most complete treatise on the relation of milk to health 

that had been published at that time. It reported the poor conditions 

of production and distribution in Washington and other cities and 

undoubtedly stimulated the rapid improvement in milk throughout the 

country after 1908. 
The market-milk industry of the United States has now reached a 

high point in sanitary production, transportation, processing, and dis¬ 

tribution. This has resulted from the passage of dairy and milk-contiol 

ordinances in nearly all major cities and of control laws in the states 

where dairying is important. Full credit must be given also to many 

producers and distributors and to the manufacturers of dairy equipment 

for setting high standards. 
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CHAPTER II 

THE COMPOSITION OF MILK AND ITS PHYSICAL 

AND CHEMICAL PROPERTIES 

Milk is the characteristic secretion of the mammary glands of all 

mammals. Because of its function—the nourishment of the young—it is 

necessarily complex; it must supply nutrients, minerals, and vitamins in 

proper form, kind, and amount. As Table 3 shows, the composition of 

the milk of different species varies in the gross percentages. 

Table 3.—Average Composition of the Milk of Various Mammals1 

Species 
Fat, per 

cent 

Protein, 

per cent 

Lactose, 

per cent 

Ash, per 

cent 

Total 

solids, 

per cent 

Cow. 4 00 3 50 4 90 0 70 13 10 

Goat. 4 09 3 71 4 20 0 78 12 86 
Woman. 3 70 1 63 6 98 0 21 12 57 

Mare. 1 59 2 69 6 14 0 51 10 96 
Ass. 1 50 2 10 6 40 0 30 10 30 
Sow. 6 77 6 22 4 02 0 97 17 98 

Ewe. 6 18 5 15 4 17 0 93 16 43 
Water buffalo. 12 46 6 03 3 74 0 89 23 91 
Camel. 5 40 3 00 3 30 0 70 12 39 
Reindeer. 18 70 11 10 2 70 1 20 33 70 
Whale. 22 24 11 95 1 79 1 66 38 14 

Authority 

Turner (com¬ 

puted) 

Frahim 

Gardner and 

Fox 

Lenton 

Fleishmann 

Hughes and 

Hart 

Konig 

Levine 

Barthe 

Yeppo 

Takata 

All milks contain the same kinds of constituents, but in varying 

amounts. Within a given species, genetic factors and environmental 

conditions such as the climate and the stage of lactation influence the 
composition. 

• '! n ln"P°rtancc in human nutrition of each class of constituent listed 
in able 3 is discussed in Chap. XXIV. The constituents of milk are 

dispersed m an aqueous solution; some, such as chlorides, sodium and 

potassium are in ionic dispersion; others, such as lactose and part of the 
albumin, are in molecular dispersion* still othere u 

Phosphates, are in colloidal dispersion ’ The fatt nies ^ “d i ‘stou. ineiat is present as an emulsion. 
9 
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Legal Definition of Milk.—In various parts of the world the milk of 

different mammals is used for fluid consumption. Since, however, the 

cow is the principal animal used for milk production in English-speaking 

countries, only its milk will be covered in this text. 

Table 

Water 
Milk fat 

Proteins j 

Lactose.. 

Minerals 

Vitamins 

Enzymes 

Gases 

4.—The Constituents of Milk Illustrating Its Complex Nature 

. Composed of mixed triglycerides containing more than 
11 fatty acids. Substances associated with the fat 
include Vitamin A, carotene (provitamin A), vitamin 
D, cholesterol (provitamin D), vitamin E, and the 
phospholipides, cephalin and lecithin 

Casein 

Lactalbumin. Each protein contains 20 or more amino acids, including 
Lactoglobulin all of the known essential ones 
. Milk sugar 

. Calcium and phosphorus in important quantities; iron, 
iodine, copper, manganese, and zinc in small amounts 

A, thiamin or Bi, ascorbic acid or C, D, E, riboflavin or G, 
nicotinic acid, pantothenic acid, pyridoxine or Be 

Phosphatase, amylase, lipase, catalase, peroxidase, 
galactase 

CO2, O2, N2 

Table 5.—Variations in the Legal Standards for Fat, Solids-not-fat, and 

Total Solids in Milk for the 48 States and the District of Columbia,3 1938 

Fat* Solids-not-fat* Total solids* 

Per cent 
Number of 

statesf 
Per cent 

Number of 
statesf 

Per cent 
Number of 

states! 

3.00 9 8.00 5 11 00 1 

3.05 1 8.30 1 11 25 1 

3.20 4 8.50 29 11 50 7 

3.25 28 9.00 1 11 70 1 

3.30 1 No standard 13 11 75 15 

3.35 2 11 85 1 

3.50 4 12 00 G 

12 50 1 

No standard 16 

TV** ol 49 49 49 
J. OLdl .>•••• 

* The horizontal lines do not necessarily apply to the same states; for example, one state with a fat 

standard of 3.35 per cent has a solids-not-fat standard of 9 per cent, 

t District of Columbia included. 

I11 enforcing the Food and Drug Act, the officials of the U.S. Depart¬ 

ment of Agriculture define milk as2 “ . . . the whole, fresh lacteal 

secretion obtained by the complete milking of one or more healthy cows, 

excluding that obtained within 15 days before and 5 days after calving. 
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or such longer period as may be necessary to render t he milk practically 

colostrum-free. The name milk unqualified means cow’s milk.” This 

definition is usually incorporated in state dairy laws and used as a 

standard. 
Various state dairy laws and city ordinances include in the definition 

of milk the minimum fat and solids-not-fat that milk must contain. 

Table 6.—Prevailing Fat Content of Milk Delivered to 

Cities in the United States, August, 

City and State 

St. Louis, Mo. 
Fresno, Calif. 
Buffalo, N.Y. 
New Orleans, La. 
New York, N.Y. 
Miami, Fla. 
San Diego, Calif. 
Oakland, Calif. . . .. 
Hartford, Conn. 
San Francisco, Calif. 
Des Moines, Iowa. 
Indianapolis, Ind. 
Pittsburgh, Pa. 
Detroit, Mich. 
Seattle, Wash. 
Boston, Mass. 
Washington, D.C. 
Portland, Ore. 
Minneapolis, Minn. 
Milwaukee, Wis. 
Los Angeles, Calif. 
Wilmington, Del. 
Richmond, Va. 
San Jose, Calif. 
Kansas City, Mo. 
Baltimore, Md. 
Philadelphia, Pa. 
Cincinnati, Ohio. 

Homes in 28 Principal 

19405 

Prevailing Fat Per¬ 
centage of Milk Sold 

in Bottles 

. 3.6-3.8 

. 4.0 

. 3.6 

. 4.0 

. 3.5 

. 4.2-4.5 

. 3.8 

. 4.0 

. 3.8-4.0 

. 3.6-4.0 

. 3.7 

. 3.7 

. 3.7 

. 3.7-4.0 

. 4.0 

. 4.0 

. 4.0-4.1 

-{. 4.0 

. 3.8 

. 3.5-3.7 

. 39-4.2 

. 4.0 

. 4.0 

. 4.0 

. 4.0 

. 4.0 

. 4.0 

...... 3.7 

lablc 5 shows the variations in the legal standards for fat solids- 

cltbi.: S0UdS in mak fW ‘he 48 S,ate *"« District of 

1 be wide variations in the requirements of the different states indi 

cate the absence of a scientific approach in assigning legal standards to 
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in the solids-not-fat test. In one state the standard for fat is 3.35 per 

cent, whereas that for solids-not-fat is 9 per cent./The average solids- 

not-fat of 3.35 per cent fat milk is about 8.53^ With this standard, 

much of the low-testing milk produced in the state would be illegal in 

solids-not-fat. 

£ The milk ordinance approved by the U.S. Public Health Service4 

proposes 3.25 per cent fat and 8 per cent solids-not-fat as a reasonable 

minimum standard.^ This standard would include any normal milk 

likely to be produced by healthy cows free from udder infections. 

Local ordinances often require market milk to be higher in fat and 

in solids-not-fat content than either the minimum state standards or the 

Public Health Service’s proposed minimum. More often, however, the 

local requirements apply to bottled milk offered for sale. Such milk is 

usually standardized to a uniform fat percentage. Table 6 shows the 

prevailing fat content of milk sold in bottles in 28 principal cities in the 

United States. 

Average Composition of Milk.—The average composition of milk as 

produced by the different breeds of dairy cattle has been determined by 

analyses of milk samples at several of the agricultural experiment stations, 

and the following table has been prepared from the data. , 

Table 7.—The Composition of the Milk of Breeds of Purebred Dairy Cattle 

Breed 

Number 
of cows 

from 
which 

fat tests 
were 
aver¬ 
aged* 

Fat,f 
per 
cent 

Pro¬ 
tein, 
per 
cent 

Holstein. 37,598 3.40 3.32 

Shorthorn. 6,155 3.94 3.32 

Ayrshire. 6,999 4.00 3.58 

Brown Swiss. 721 4.01 3.61 

Guernsey. 32,562 4.95 3.91 

Jersey. 29,495 5.37 3.92 

* Data, with exception of those for Shorthorn 

Bui. 325.® Data on Shorthorn breed from Eckles, 

t Fat percentages were averaged from cows on 

Lac¬ 
tose, 
per 
cent 

Ash, 
per 
cent 

Total 
solids, 

per 
cent 

Solids- 
not-fat, 
per cent 

Ratio 
fat to 
solids- 
not-fat 

4.87 0.68 12.26 8.86 1:2.61 

4.99 0.70 12.81 8.87 1:2.26 

4.67 0.68 12.90 8.90 1:2.23 

5.04 0.73 13.41 9.40 1:2.34 

4.93 0.74 14.61 9.66 1:1.97 

4.93 0.71 14.91 9.54 1:1.78 

breed after Turner,1 based on III. Agr. Expt. Sta. 

Combs, and Macy.7 

official test.1 

The average composition of milk, as reported in the literature, is 

merely the numerical average of a certain number of tests; it cannot give 

a true picture of the milk composition found in city milk plants for breed, 

season of the year, and other factors (to be discussed later) influence the 

fat and solids-not-fat percentages of milk. 
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VARIATIONS IN MILK COMPOSITION 

Overman, Sanman, and Wright6 have studied the composition of the 

milk of purebred Ayrshire, Guernsey, Holstein, and Jersey cattle and ot a 

herd of Holstein-Guernsey crosses. The following table summarizes 

their results on the maximum and minimum .values obtained for the 

1,998 samples analyzed. 

Table 8.—Maximum and Minimum Values for Milk Constituents, Illinois 

Investigations1 

Constituents Minimum Maximum 

2.60 8.37 

Protein . 2.44 6.48 

T -aetose . 2.41 6.11 
0.560 0.936 

Total solids . 10.56 17.90 

Sol i d s-not-f at, . 7.20 11.90 

Specific gravity.<. 1.0231 1.0398 

Factors Influencing the Fat Percentage of Milk.—The fat percentage 

of milk shows more variation than any other constituent. It is influ¬ 

enced by many factors, such as breed, inheritance, physiological state, 

environment, and management. 

1. Breed.—The breed differences in the fat content of milk were 

shown in Table 7. Breed is the most important factor determining the 

fat percentage of milk. In general, the breeds producing the large 

amounts of milk, such as Holstein, secrete milk of a lower fat percentage. 

This relation holds true for cows of the same breed.1 

2. Individuality.—The data in Table 7 refer to the arithmetical 

average of numerous fat tests of milk from the different breeds of dairy 

cattle. The milk of individual cows within a given breed, however, may 

show considerable variation on either side of the breed average. The 

variations due to individuality occur even when conditions of manage¬ 

ment, environment, and feed arc identical. Inheritance is the principal 

cause of these differences. Families of cattle within a breed have been 

found characteristically to secrete milk either higher or lower in fat 

percentage than the average for most cattle of the same breed. 

3 Age.—The age of the cow has a slight influence on the fat content 

Ini!k; The fat Percentage usually increases from the first to the second 
or third lactation period, remains fairly constant for the next four or five 

lactations, and then gradually declines during subsequent periods The 

a“ge iS the PrindPal Change “ that “ 
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4. Stage of Lactation.—The stage of lactation affects the fat content. 

According to the data in Table 9, summarized by Ragsdale and Turner,8 

the fat content declines during the first two or three months of lactation 

and then gradually increases to the end of the lactation period. In the 

last few weeks of lactation the fat percentage may increase markedly. 

Table 9.—The Influence of the State of Lactation on the Fat Content of 

Milk, Based on Advanced Registry Records8 

Average fat per cent in the milk 

Montn oi lactation j 
Guernsey 

(3,763 records) 

Jersey 
(299 records) 

Holstein 

(95 records) 

1 4.63 4.98 | 3.24 

2 4.59 4.82 3.01 

3 4.71 4.88 2.99 

4 4.85 5.10 3.02 

5 4.97 5.13 3.01 

6 5.08 5.26 3.08 

7 5.16 5.40 3.11 

8 5.22 5.43 3.16 

9 5.29 5.50 3.19 

10 5.39 5.58 3.27 

11 5.49 5.60 3.32 

12 5.60 5.73 3.49 

The protein likewise increases near the end of the lactation peiiod. 

5. Season of the Year.—The average fat content of herd milk is lowest 

in late spring or early summer and highest in late fall or early wmtei, 

depending on the locality. This variation largely results from tempera¬ 

ture and humidity. The effect of temperature has been investigated 

by Hays, Ragsdale, and Brody,9 who found the fat percentage to increase 

about 0.2 per cent for each 10° decrease in temperature from <2 to 2, L. 

6. Feed.—In the present opinion of investigators, the feed consumed 

by the cow has no permanent effect on the fat per cent ot milk. de ¬ 

eding caused by («) the feeding of rations deficient in nutrients o (6) 

the cow’s inability to consume enough feed during the eai y s ages o 

lactation will increase the fat per cent of milk. sliehtlv 
Allen10 has been able to increase the fat percentage [nyesil 

over short periods of time by feeding rations high m fat. - f rf*h 

gators find that the increase in fat content cause y . Feed 
rations does not persist on the continuous feeding of such iat,o ^ 

does, however, cause changes in fat composition, w 
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cussed. Practical feeding regimes have no permanent effect on the fat 

per cent of milk. . , 
7 Condition of the Cow at Parturition.—The cows condition at 

calving influences the fat percentage of the milk during the early part ol 

lactation. If she is in good flesh, the milk produced for a few days or 

weeks, depending upon the condition and upon individuality, will test 

higher in fat than if she is thin or in poor condition at parturition. 

Fig. 1.—The yield and partial composition of milk in relation to the interval between 
milkings. March 31 to Apr. 5, milked at 12-hour intervals; Apr. 6 to Apr. 8, milked at 
10- and 14-hour intervals.11 

8. Interval between Milkings.—The variations in fat content from 

milking to milking will be considerable if the intervals between milkings 

are not approximately equal. When the intervals are not equal, the 

highest fat content is found in the milk drawn after the shortest interval. 

Figure 1 shows the fat percentage in milk drawn after equal and unequal 
intervals.11 

During the period Apr. 6 to 8, the cow was milked at 10- and 14-hour 

intervals; the fat content was greatest in the afternoon milking that 

followed the shortest interval. The milk yield during this period fol¬ 

lowed inversely the fat percentage. As the graph also shows, the lactose 

and chloride content were not influenced by unequal intervals between 
milkings. 

9. Morning and Evening Milk.—When the intervals between milkings 

are equal, the difference in fat content of milk obtained at the mornin" 
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and evening milkings is small. As several investigations1 have shown, 

milk obtained in the evening is likely to test slightly higher than morn¬ 

ing’s milk when the intervals are approximately equal. Individual 

variations occur (Fig. 1). In this experiment the cow was milked at 

exactly 12-hour intervals from Mar. 31 to Apr. 5. During this period 

the morning’s milk usually had a slightly higher fat percentage than the 

evening’s. Temperature and amount of exercise are probably related 

to the fat content when the intervals are equal.1 

10. Variations during Milking.—The foremilk, or the first milk 

drawn, is lower in fat percentage than are the successive portions collected 

as milking progresses; the strippings, or last milk drawn, have the highest 

fat content. Table 10 shows the increase in fat test as milking progresses. 

Table 10.—Influence of Stage of the Milking Process on the Fat Test12 

Samples secured in milking an 
individual quarter 

Per cent of 
total yield 

Fat content, 
per cent 

Foremilk. 15.0 1.9 
Middlemilk. 58.0 2.3 
Strippings. 27.0 6.8 

Composite test. 3.06 

The last quarter of the milk drawn tested 6.8 per cent fat; the first 

three quarters, about 2.2. This difference emphasizes the importance of 

complete milking. The constituents other than fat are only slightly 

affected as milking progresses.1 

The order of milking the quarters influences the fat test of the milk 

secured from each quarter. When a milking machine is used and all four 

quarters are milked at the same time, the fat test of the milk secreted by 

each quarter tends to be similar. Turner, studying 7-day composite 

samples of milk secured from the individual quarters of the udder, found 

a difference of less than 0.2 per cent fat in 41 cases out of a total of 73 

records.1 If the quarters are milked one at a time, those milked first 

yield milk of highest fat test; those milked last, the lowest test. Turner 

explains this result on the basis of the effect of stimulation on the pressure 

within the udder: after the initial stimulation of the teats at milking time, 

the pressure within the udder increases, forcing the milk into the cistern. 

If the milk is not quickly removed, the pressure soon decreases, and the 

last milk is difficult or impossible to remove. 

11. Heat, or Oestrum.—The effect of oestrum on milk composition and 

yield has been studied extensively. Turner regards the slight decrease in 

yield and the variations in fat test of milk often produced during this 

period as due to increased excitability or nervousness.1 Some animals 



the composition of milk and ITS PHYSICAL PROPERTIES 17 

hold up their milk for one or more milkings, whereas others secrete less 

milk. In the first instance the yield will be less and the fat test ower 

because the strippings are not obtained. In the second case the ow 

yield is accompanied by an increase in fat test-a result that usually 

occurs when the lower yield is caused by decreased milk secretion rathei 

than by the holding up of the milk. t 
12 .Excitement and Drugs.—Change of milkers, frightening by dogs, 

strange noises, or other reasons often cause a cow to hold up part of her 

milk; the result is a lowered fat content, since the strippings aie not 

obtained. 
Certain drugs may change the fat content temporarily. If the diug 

causes the cow to refuse feed, the resultant decrease in milk yield is 

accompanied by an increase in the fat test. 
13. Combination of Conditions.—Obviously, considering the many 

factors that influence the fat content of milk, certain combinations of 

conditions might cause the fat content to vary in a manner contrary to 

expectations. 
Factors Influencing the Solids-not-fat Content.—In general the 

variations in the fat content of milk are accompanied by changes in the 

same direction in the solid-not-fat content, but at a slower rate. Figure 

2 shows this relation. 

An increase in 1 per cent fat, for example, is accompanied by an 

increase of about 0.4 per cent solids-not-fat. The factors, therefore, that 

influence the fat content also influence the solids-not-fat percentage. An 

exception to this rule is a low fat test due to incomplete milkings or the 

“holding up” of milk in the udder; such milk is higher in solids-not-fat 

than the fat test would indicate. This result occurs because the solids- 

not-fat percentage is constant throughout the milking process, whereas 

the fat content increases during milking (Table 10). 

The fat content of milk is not permanently changed by feeds con¬ 

sumed by the cow; and, according to Davies,13 the effects on the solids- 

not-fat are still more difficult to trace. Producers generally believe that 

feeds change the solids-not-fat content of milk. The period of minimum 

fat content of milk produced in the early summer is accompanied by a 

minimum in solids-not-fat; such milk may be below the minimum stand¬ 
ards, as Table 5 reveals. 

Hermann regards the season and temperature (the influence of these 

factors is hard to separate) as largely responsible for the decline in the 

solids-not-fat content of milk produced during the summer.14 

The variations in the solids-not-fat content of milk of individual cows 

are largely explained by changes in the casein and lactose percentages. 

Milk abnormally low in solids-not-fat because of udder infections is low 
in lactose and protein but high in chloride. 
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Relation of Fat to Solids-not-fat in Normal Milk.—The relation of 

fat to solids-not-fat as calculated from the data of Overman, Sanman, 

and Wright6 is shown in Table 11. 

Table 11.—Relation of Solids-not-fat to Fat, Calculated from Data of 

Illinois Investigation6 

Breed 

Change in solids-not-fat 
per cent for 1 per cent 
change in fat per cent 

Mean fat per cent of 
samples analyzed 

0.61 3.55 
0.54 4.15 

0.46 5.19 

Jersey . 0.25 5.18 

0.39 4.37 

All conmlm nnnlvzed . 0.37 4.45 

The values shown in the table were obtained from the regression curves 

r VA n fit on milk fat They indicate that the relation of fat to 

iSZZX Z * -- “ •— 
the change in solids-not-fat per cent for each change 

decreases. A breed difference is also suggested. obtained 

The relation of fat to samples were 
by Jacobson, who analyzed 100,00U samples. 
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obtained over 16 months; were secured from six states; and were com¬ 

posed of individual cows, of herds, and of mixed milk representing all 

Table 12,-The Relation of Fat to Other Solids in Producers' Milk, New 

1 
Total solids 

Ratio of fat to 

Fat Solids-not-fat solids-not-fat 

2 80 8.19 10.99 1:2.93 

2.90 8.23 11.13 1:2.84 

3.00 8.27 11.27 1:2.76 

3.10 8.31 11.41 1:2.68 

3.20 8.35 11.55 1:2.60 

3.30 8.39 11.69 1:2.54 

3.40 8.43 11.83 1:2.48 

3.50 8.47 11.97 1:2.42 

3.60 8.51 12.11 1:2.36 

3.70 8.55 12.25 1:2.31 

3.80 8.59 12.39 1:2.26 

3.99 8.63 12.53 1:2.21 

4.00 8.67 12.67 1:2.17 

4.10 8.71 12.81 1:2.12 

4.20 8.75 12.95 1:2.08 

4.30 8.79 13.09 1:2.04 
4.40 8.83 13.23 1:2.00 
V50 8.87 13.37 1:1.97 
4.60 8.91 13.51 1:1.93 
4.70 8.95 13.65 1:1.90 

4.80 8.99 13.79 1:1.87 
4.90 9.03 13.93 1:1.84 
5.00 9.07 14.07 1:1.82 
5.10 9.11 14.21 1:1.79 
5.20 9.15 14.35 1:1.76 

5.30 9.19 14.49 1:1.73 
5.40 9.23 14.63 1:1.71 
5.50 9.27 14.77 1:1.69 
5.60 9.31 14.91 1:1.66 
5.70 9.35 15.05 1:1.64 

5.80 9.39 15.19 1:1.62 
5.90 
6.00 

9.43 
9.47 

15.33 
15.47 

1:1.60 
1:1.58 

breeds and grades of cows. Table 12 shows the data in more detail 
including the ratio of fat to solids-not-fat. 
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Figure 2 shows the linear relation between the fat and solids-not-fat 

when the curve is derived from the analysis of numerous samples from 

different sources. The slope of the line, solids-not-fat divided by fat, 

is 0.4 where the fat is equal to 1; that is, a change in fat of 1 per cent is 

accompanied by a change in solids-not-fat of 0.4 per cent. This is about 

the same value as that shown in Table 11 for all samples analyzed by 

Overman, Sanman, and Wright in their investigations. Jacobson’s 

samples were obtained at the milk plant, and the possible changes in 

composition by manipulation on the farm have not been excluded; but 

considering the large number of samples and the linear relation obtained, 

the value of 0.4 is probably a good average for the change in solids-not-fat 

for 1 per cent fat of mixed milk. Because of the individual variations, 

however, it is impossible to predict the solids-not-fat change from the 

change in fat per cent. 
Colostrum Milk—When the cow freshens, the first milk is known as 

“colostrum,” a product different from “normal” milk. Colostrum is 

reddish-yellow in color, with a strong odor and a bitter taste. It is 

higher in globulin, albumin, casein, and ash and lower in lactose than 

is “normal” milk. Its composition is shown in Table 13. 

T\ble 13.—The Progressive Change of Colostrum into Milk 

(“Fundamentals of Dairy Science,” after Engel and Schlog)16 

Time after 

calving 

Specific 

gravity 

Chlo¬ 

rides, 

per 

cent 

Casein, 

per 

cent 

Albu¬ 

min -f 

gl°b- 
ulin, 

per 

cent 

Ash, 

per 

cent 

Fat, 

per 

cent 

Lac¬ 

tose, 

per 

cent 

Total, 

solids 

Coag¬ 

ulates 

on 

boiling 

At once.... 

6 hr. 

12 hr. 

24 hr. 

36 hr. 

48 hr. 

3 days. 

4 days. 

5 days. 

7 days- 

1.0670 

1.0437 

1.0368 

1.0343 

1.0320 

1.0319 

'1.0331 

1.0335 

1.0334 

1.0320 

0.1525 

0.1631 

0.1560 

1.1560 

0.1595 

0.1489 

0.1365 

0.1347 

0.1312 

0.1134 

5.08 

3.51 

3.00 

2.76 

2.77 

2.63 

2.70 

2.68 

2.68 

2.42 

11.34 

6.30 

2.96 

1.48 

1.03 

0.99 

0.97 

0.82 

0.87 

0.69 

1.01 

0.91 

0.89 

0.86 

0.84 

0.83 

0.84 

0.83 

0.85 

0.84 

5.10 

6.85 

3.80 

3.40 

3.55 

2.80 

3.10 

2.80 

3.75 

3.45 

2.19 

2.71 

3.71 

3.93 

3.97 

3.97 

4.37 

4.72 

4.70 

4.96 

26.99 

20.46 

14.53 

12.77 

12.22 

11.43 

11. S3 

11.85 

12.67 

12.13 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

No 

No 

No 

No 

" # . 
After 5 days the milk is usually considered normal in composition 

and suitable for human consumption. 

CHEMICAL PROPERTIES OF MILK CONSTITUENTS 

Milk Fat.—Fats are mixtures of the glycerides of certain fatty acids. 

They are called triglycerides because three fatty acids are uni e 
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molecule of glycerol, a trihydroxy alcohol. The structure of a glyceride 

is illustrated below. 

H2—C—0: 

H—C—0: 

Hs—C—0: 

OC(CH2)2CH3 butyric 

OC (CH2) 7CH=CH (CH 2) 7CH3 oleic 

OC(CH,)16CH3 stearic 

Glycerol Fatty acid radicals 

Mixed triglyceride 

Milk fat contains 11 or more fatty acids. The glycerides contain 

different combinations of these fatty acids; the physical mixture of the 

different glycerides constitutes the fat. The principal fatty acids found 

in milk are shown in Table 14. 

Table 14.—The Fatty Acids of Milk Fat and Certain of Their Properties 

Fatty acids 

Number 

of carbon 

atoms 

Per 

cent* 

Soluble 

in water 

Steam 

volatile 

Satu¬ 

rated 

Melting 

point, 

°c. 

« • j ;* \ 

Butyric. 4 3.7 + + + 7.0 
Caproic. 6 2.0 + + + - 8.0 
Caprylic. 8 1.3 + + 16.5 
Capric. 10 2.7 + + 31.3 
Laurie. 12 4.0 + + 43.6 
Myristic. 14 7.9 + 54.0 
Palmitic. 16 23.8 * 

+ 63.0 
Stearic. 18 10.7 + ’ 69.3 
Arachidic. 20 0.5 + 77.0 
Oleic f. 18 38.3 13 0 
Linoleic. 18 4.7 -18.0 
Unsaturated (20 and 22 

carbon atoms). . . 

* T4;UU/.b_l _ 1 1 

0.4 

Hilditch and Thompson’s data.17 

t Small amounts of unsaturated acids of the oleic series 10, 14, 16 carbon atoms were also found 

The data in Table 14 apply to a single sample of milk fat; the gross 

analysis would apply to any milk fat, but the proportion of the various 

fatty acids depends upon several factors, among which the feed consumed 

y e cow and the plane of nutrition are the most important. The range 

in the percentages of the different fatty acids in 21 samples of milk fat 
fiom cows fed normal rations is shown in Table 15 
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The fatty acids of milk fat may be classified on a number of different 
bases the soluble and the insoluble, the volatile and the nonvolatile, the 
saturated and the unsaturated. The acids that are soluble in water range 
from butyric to capric; those volatilized by steam, from butyiic to lauric. 
The principal unsaturated fatty acids are oleic and linoleic. The unsatu¬ 
rated acids are responsible for the development of tallowy flavor in butter 
because of the affinity of the unsaturated double bonds for oxygen. 

Table 15— Fatty Acids in 21 
Samples of Milk Fat fkom Cows Fed Normal 

Rations11 

Range, per cent 
Average, 

Acid per cent 

2.4 - 4.23 2.93 

1.29- 2.40 1.90 

0.53- 1.04 0.79 

1.19- 2.01 1.57 

4.53- 7.69 5.84 

15.56-22.62 19.78 

25.27-40.31 31.90 

5.78-22.86 15.17 

7.80-20.37 14.91 

Milk fat contains several more fatty acids than does any other fat of 

animal or vegetable origin. The chemist can detect adulteration b> 

determining the fat “constants” of a butter sample. These determined 

values indicate the distribution of the fatty acids among the soluble, 

volatile, and unsaturated acids. ^ _ number of 

ttSSs- - *—fr 
£ It fat ’ The melting points of the different fatty acids are shown n 

T Wi 14. The melting points of the triglycerides are closely related to 

the melting points of their constituent fat^0“lds^n ^^“to’thb 

example, melts at 64°C.; tnpalmitin, • 7n°C whereas 

“ * a .***«» 
that of butyric acid is t.OC. • ’ and the like do not 
of mUk fat are mixed and tnbutyrm o. -n saturated and 

exist in appreciable amounts i P trates the effect of this 

unsaturated acids, with 18 car ion a . > . stearic (saturated) 

property on the melting point: the isi30C.;that 
acid is 69 3°C.; that of oleic (one double bon » c 
ofhnoleic acid (two double bonds, unsaturated) is below -17 C. . 
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The melting point of the fat can vary, depending upon the change 

in the proportions of the various fatty acids. The factors causing mos 

of the variations in composition are (1) feed, (2) plane of nutrition, ( ) 

stage of lactation, and (4) breed. 
1 Feed.—Feed influences the composition of milk fat more than do 

the other three factors just mentioned. Dean-and Hilditch found that, 

changing cows from winter feeding conditions to pasture increased the 

proportion of unsaturated and decreased the saturated acids.19 The 

increase was largely in oleic acid, whereas the decrease was largely due to 

decreases in butyric and stearic acids. The normal change from winter to 

summer-pasture feeding conditions is to increase the oleic so much that 

the melting point of the fat is appreciably decreased. The normal 

procedure in butter making is to lower the churning temperature in 

summer and raise it in winter to compensate for differences in the melting 

point of the fat. As a general rule, concentrated feeds high in vegetable- 

oil content increase the oleic acid content of milk fat and decrease the 

melting point, whereas feeds low in oil and high in carbohydrate decrease 

the oleic acid content and increase the melting point of milk fat. An 

exception to the general rule is cottonseed meal, which not only increases 

the oleic acid content but also decreases the butyric to more than offset 

the effect of the oleic acid, so that the result is an increase in the melting 

point. This tendency can be overcome by adding corn silage to the 

ration to increase the butyric acid. 

Changes in the percentage of the other fatty acids may be produced by 

feeding rations containing these acids in large amounts. Hilditch and 

Sleightholme,20 for example, fed liberal amounts of coconut cake contain¬ 

ing 50 per cent lauric acid and 17 per cent myristic acid. The lauric acid 

content of the milk fat rose from 4 to 5 per cent; the myristic, from 7 to 17 

per cent. Linseed-oil meal contains linoleic acid; and when this feed is 

added to dairy rations, the linoleic acid content of the milk fat is increased. 

2. Plane of Nutrition.—As Eckles and Palmer have shown, underfeed¬ 

ing of cows markedly affects the physical and chemical constants of milk 

fat, which are characterized by a decline in the volatile acids and an 

increase in the oleic content.7 These workers point out that the melting 

point as a result of underfeeding may increase, remain stationary, or 

decrease, depending upon the relation of volatile acids (principally 
butyric) to the oleic acid content. 

3. Stage of Lactation.—Certain characteristic changes in fat composi¬ 

tion occur during lactation. The volatile acids, mainly butyric, gradually 

decline from the beginning to the end of the period.7 After the first few 

weeks of lactation the oleic acid content slowly increases to the end of the 

period. If these results are to be demonstrated, the effects of feed must 
be controlled. 
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4 Breed.—According to Eckles, Combs, and Macy,7 the milk fat of 

Jerseys contains fat higher in the volatile acids than the milk fat of 

Holsteins, Aryshires, or Shorthorns. Variations are attributed prin¬ 

cipally to butyric acid. The oleic acid content of fat produced by 

Holsteins and Shorthorns is reported to be noticeably higher than that 

from Jerseys. 
Influence of Feed on the Color of Milk Fat.—The color of milk fat 

depends entirely upon the feed. The yellow plant pigment carotene 

found in green plants and carrot roots is the principal substance respon¬ 

sible for color The color of milk fat cannot, however, serve as an index 

of the vitamin A potency of milk, for there is a breed difference in the 

amount of the provitamin A (carotene) that is converted into the colorless 

vitamin A. Guernseys and Jerseys convert less of their carotene m t e 

milk to the colorless vitamin than do Holsteins If, therefore, these 

cows receive identical rations, the Holstein milk fat will be lighter 

colored. All the milks will have about the same vitamin A potency, for 

this is the sum of carotene plus the vitamin A. , 
The vitamin A potency of milk may be maintained at a high leve 

during the winter by feeding (1) legume hays carefully cured to prevent 

bleaching (2) A. I. Virtanen silage, or (3) legume-molasses silage. From 
bleacmng, t ; nutritive properties of the milk, (2) the health 
the standpoint of (11 ^Pmilk (chap. X), it is important to 

ma”he caroteii content of the dairy ration at a high level through- 

°nt£ltZ‘influencing the Size of the Fat Globules.^Breed and stage of 

lactation are the globules than Holstein and 

» “• -»' ***** *• 
time required for churnmg mcrcases. are surrounded by an 

Fat-globule Membrane - The tat giooi lecithin, and a 

of cream, but appears in buttcrmillv the solvent for the 

Substances Associated with Mitt *<£ J.^ viumins_A and its 

fat-soluble substances mi m.cholesterol, and E-are carried 

color of milk fat is largely due to carotene; 

pure triglycerides are colorless. and cephalin are present 

11- in struc- 
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ture. One of the fatty acid radicals is replaced by a choline-phosphoric- 

acid radical. Choline, is the source of trimethylamine, the substance 

regarded as causing the fishy odor and flavor of butter and of milk 

powders of high moisture content. Supplee23 and Sommer24 regard the 

mechanism responsible for liberating trimethylamine as a hydrolysis. 

Davies13 believes the mechanism to be hydrolytic-oxidative rathei than 

hydrolytic. He regards the presence of organic peroxides as essential. 

One or more of the fatty acids in the lecithin molecules is always of the 

unsaturated series, and the oxidation of these acids is now regarded by 

many authorities as the cause of oxidized flavor in milk. The presence of 

the lecithin in the outer adsorption membrane (fat-globule membrane) 

places it in a favorable position for attack by oxygen. 

Proteins.—The three principal proteins of milk are casein, lactalbu- 

min, and lactoglobulin. Casein, found only in milk, is one of the most 

complete proteins known. Proteins are built up of amino acids in various 

combinations; a complete protein is one that contains all the amino acids 

considered to be indispensable in human nutrition (see Chap. XXIV). 

Casein occurs in milk as a calcium salt and is probably dispersed as a 

colloidal complex (physical or chemical) with calcium phosphate. It 

may be coagulated by acid, rennet, or alcohol. This property is utilized 

in cheese making, where rennet or acid is used for the coagulation 

agent. 

Lactalbumin and lactoglobulin remain in solution or suspension when 

the casein is precipitated by either of these two methods. Acid and 

rennet wheys therefore contain these two proteins. 

Though casein is a complex protein, a phosphoprotein, the other two 

principal proteins of milk are simple proteins. Part of the lactalbumin is 

thought to be in solution, whereas the remainder of the lactalbumin and 

the lactoglobulin are in colloidal suspension. Lactalbumin resembles the 

albumin of the blood serum but is not identical; this fact indicates that it 

is synthesized in the mammary gland. Lactoglobulin is probably identi¬ 
cal with the blood-serum globulin.16 

Lactalbumin and lactoglobulin are more readily coagulated by heat 

than is casein, which requires a temperature of 268 to 280°F. (131 to 

13/.8 C.) when the acidity is low. According to Rupp,25 no albumin is 

coagulated at 145°F. (62.8°C.) in 30 minutes; 5.71 per cent of it is 

coagulated at 150°F. (65.6°C.) for 30 minutes; 30.87 per cent at 160CF 

7 1 CO m 30 minutes (25). Thus lactalbumin is not coagulated during 

s cm 1 m"1 , pasteurization of milk. Lactoglobulin in solution 
is completely coagulated at 161.6°F. (72°C ) 16 

The average percentage of the three principal proteins in milk is>‘ 
casein, 3.0; lactalbumin, 0.5; lactoglobulin, 0.05. 

Lactose.—Lactose, a sugar found only in milk, is svnthesized in the 

mammary gland. It is a disaccharide composed of glucose aid galactose! 
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which are liberated when lactose is hydrolyzed either by the enzyme 

lactase of the digestive tract or by lactase of bacterial origin. Lactic acid 

bacteria produce the lactose-splitting enzyme lactase and also an enzyme 

system further to decompose the sugars to lactic acid and other products. 

The odor of sour milk is due, not to the lactic acid, but to volatile products 

that occur in the lactic fermentation. 

Lactose is less sweet than sucrose or cane sugar. If sucrose is con¬ 

sidered as 100 per cent, lactose is 15 per cent as sweet. Lactose is used 

in modifying milk for infant feeding and for medical and industrial 

purposes. 
Mineral Constituents.—The mineral constituents, or salts, ot milk 

constitute 0.6 to 0.8 per cent of the total weight. In the analysis of milk, 

this fraction occurs as the ash (the residue left after the milk has been 

incinerated at a low red heat). Because of reactions—principally 

oxidation—that take place during incineration, the compounds contained 

in the ash are not in the same form as in milk. Phosphorus, tor example, 

is reported as P205, whereas it occurs in milk as phosphates, organic 

phosphorus from casein, and phosphatides such as lecithin. 

Table 16 shows the approximate composition of the ash ot mi '. 

Table ^.-Composition of the Ash of Cow’s Milk (Percentage of Ash; 

Composition Babcock26 Richmond 

P2O5 
24.29 29.33 

CaO 20.01 20.27 

MgO 2.42 2.80 

Cl 14.28 14.00 

S03 3.84 Trace 

Fe203 0.13 0.40 

Na20 10.01 6.67 

K20 

C02 

25.02 28.71 

0.97 

The potassium, sodium, and chlorides of milk am h 

the calcium, phosphorus, and “ Turbina- 

t“ns in milk, for the constituents in The 

form and the system is govcrne > & positive ion such as 

^uttnu^bTco^demTa:'"belonging to a specific negative one 

such as chloride. —Besides the elements of the ash of 
Minor Inorganic Constitue • ,„„i| ..mounts of other elements, 

milk reported in Table 16, mil ““hvsiological and nutritional stand- 
most of which are important from a zi iodine, a„d 
point. These inorganic constituents are iron, copper, 
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titanium, vanadium, and others.16 
Iron and copper are required for the formation of hemoglobin: the 

former is a part of the hemoglobin molecule; the latter a catalyst, for its 

formation Since milk is deficient in iron from.a nutritional standpoint, 

laboratory animals reared on a strict milk diet will develop anemia. 

Manganese is concerned with growth and reproduction. Iodine is 

necessary for producing the hormone thyroxine in the thyroid gland. 

The iodine content of milk depends upon the iodine content ol the feed 

consumed by the cow. In areas where the iodine content of feeds is low, 

it is more economical for human beings to use common salt with added 

potassium iodide than to add iodine to the ration ot the cows. 

The copper and iron content of milk cannot be changed by feeding. 

Milk contains about 0.15 part per million of copper-8 probably all in 

organic compounds. The iron content of milk can likewise not be 

altered by feeding iron. The iron content of milk averages about 2.5 

parts per million.16 

Chemical Reaction of Milk.—Milk, freshly drawn from the cow, has 

an amphoteric reaction; that is, it will turn red litmus blue and blue 

litmus red. This reaction is caused principally by the proteins, which 

can function as either acids or bases at the hydrogen-ion concentration 

(pH) of normal milk. The pH of normal milk is about 6.6. 

Fresh milk of different cows when titrated with alkali (phenolphthalein 

being used as an indicator) may show variations of 0.1 to 0.26 per cent 

acidity, calculated as lactic acid.7 This, known as the “apparent” 

acidity, is due to proteins and acid salts—substances that can bind alkali. 

The higher the solids-not-fat content of milk, the higher its apparent 

acidity. I he apparent acidity of fresh milk of average composition is 
about 0.14 per cent. 

According to Rice and Markley,29 the following constituents contribute 
to the titratable acidity (apparent acidity) of fresh milk: 

Milk Constituents Per Cent of Acfd Caused by It 

0.01-0.02 
0.01 

.. 0.05-0.08 

. . Less than 0.01 

. . Remainder of the acidity 

Carbon dioxide 

Citrates. 

Casein. 

Albumin. 

Phosphates.... 

From this enumeration, it may be concluded that. tb„ 
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When bacteria form lactic acid from the lactose of milk, additional 

acid is produced. This is known as the “real” acidity. 

The testing of milk for acidity is described in Chap. XXV. 

Hydrogen-ion Concentration, or pH.—The titratable acidity measures 

the total acidity or the amount of alkali that the substances in milk must 

bind to shift the pH from about 6.6 to 8.5, the point where phenol- 

phthalein turns red. The pH, on the other hand, measures the strength 

of the acids in the milk or the concentration of free hydrogen ions. The 

hydrogen ions result from the dissociation (ionization) of the acids. 

Since the hydrogen-ion concentration of solutions of weak acids (lactic, 

acetic, and other organic acids) is small, one may more conveniently 

express the concentration as the negative exponent of the actual hydrogen- 

ion concentration. This value is known as the pH. Watci, foi example, 

shows a slight dissociation. 

H20 H+ + OH- 

The hydrogen-ion concentration (H4") of pure water at 20 C. is 

0 0000001 or 10-7 moles per liter. The negative exponent of this numbei 

is 7, and thus bv definition the pH is 7. This is known as the “neutral 

point ” at which the concentration of hydroxyl ions (OH ) equals that 

of the hydrogen ions. If the pH is less than 7, the solution is acid; if 

greater than 7, alkaline. One pH unit means a tenfold difference m 

strength- a pH of 5.5, for example, indicates a solution with ten times 

more hydrogen ions than one with a pH of 6.5. The pH of milk » veiy 

significant in the dairy industry; pH rather than titratable acidity is 

important for the action of enzymes, precipitation of casein, acid tas e, 

and color changes of indicators. j„. m 
Hydrogen-ion concentration may be measured by two methods. ( ) 

eolorimetrfcally, with a series of indicators that change color at definite 

pH’s m (2) electrometrically, by the use of the hydrogen, quinhydrone o^ 

glass electrodes. The pH of ^ 

usually determined colorimetncaUy. , d; the different 
is used to detect differences in the pH of milk proaucea 
quarters of the udder of cows suspected of haying mastitis. MasHte m 

eyen mild or subclinical form lowers the acidity (increases pW, d 

change may be detected by the color change of bromothymol blue. 

PHYSICAL PROPERTIES OF MILK 

The physical properties of milk are i—d by^ 

Certain of them are important in processing milk, whereas 

in testing milk for adulteration. constituents whose specific 
Specific Gravity.—Milk contains ma > • R is greater 

gravity is greater than that of water; lienee, its specific g,a 



the composition of milk and its physical PROPERTIES 29 

than 1. Fat is the only important constituent with a specific gravity of 

less than 1; hence, the more fat present, the greater its effect in lowering 

the specific gravity. Milk normally varies in specific gravity between 

1.027 and 1.035. The average is considered to be 1.032 at 08 I1. The 

specific gravity varies with the temperature. The Westphal balance 

or the lactometer is commonly used in measuring the specific gravity of 

milk (Chap. XXV). 
Since milk is heavier than water, 1 gallon weighs more than 1 gallon of 

water. One gallon of milk of average composition weighs about 8.6 

pounds. Since cream has more fat than milk, the liclier the cieam the 

lower its specific gravity. One gallon of cream may, accordingly, weigh 

less than one gallon of water (if the fat content is high). Table 17 shows 

the specific gravity and weight per gallon of milk and cream of different 

fat percentages. 

Table 17.—The Influence of Fat Content upon the Specific Gravity and 

Weight per Gallon of Milk and Cream30 

Fat, per 

cent 

Specific gravity at 

68.0°F. (20°C.) 

Weight per gallon 

at 68.0°F. (20°C.), 

lb. 

0.025 

3.0/ 

1.035 8.63 

5.o( 
j1.032* 18.60 

10.0 1.023 * 8.53 
15.0 1.016 8.47 

20.0 1.011 8.43 
25.0 1.007 8.39 
30.0 1.002 8.36 
35.0 0.998 8.31 
40.0 0.993 8.28 

* Average specific gravity of milk. 

Color. I he color of milk is influenced by several of its constituents. 

The white opaque color seen in reflected light is caused by the interference 

with the passage of light caused by the fat and the colloidally dispersed 

substances. The yellowish color is due principally to the carotene 

dissolved m the milk fat, as was previously explained. The greenish 

color of whey is due to vitamin G (lactoflavin or riboflavin). 

Freezing Point.—Pure water freezes at 0°C. (32°F.). Dissolved 

substances lower the freezing point of a solution; and since milk is a 
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tion of milk with water. An apparatus for accurately measuring the 
freezing point of milk—the Hortvet cryoscope—is described in Chap. 
XXV. 

The freezing point of normal milk is constant because the blood and 
milk are in osmotic equilibrium, and this equilibrium is maintained by the 
dissolved substances, principally sugar and salts. The fat, protein, and 
colloidal salts do not cont ribute appreciably to the osmotic pressure (and 
hence to the freezing point). 

Boiling Point.—The presence of dissolved substances increases the 
boiling point of a solution. The boiling point of milk is therefore greater 
than that of water; at sea level,7 it averages 212.3°F. (100.17°C.). 

Refractive Index.—The refractive index of milk is sometimes used to 
indicate adulteration, especially watering. The refraction ot light by a 
solution depends upon the individual molecular species present and upon 
their concentrations. The total refraction is the sum of the individual 
refractions of the constituents present in the solution. The refractive 
index of milk, then, is the refractive index of the solvent plus the indices 

of the solutes. 
The refractive index is determined on a serum prepared from the milk 

by coagulating the casein. Natural souring, acetic acid, hot calcium 
chloride, or copper sulphate may serve as the coagulating agent. Since 
the various serums give different readings with the dipping refractometer, 
a specific procedure must be followed with each agent to secure com¬ 
parable results. The copper sulphate serum is most commonly used. 
The freezing-point determination is more reliable than the refractive 

index for detecting added water. 
Electrical Conductivity.—A solution containing electrolytes (salts, 

acids, and bases) exhibits electrical resistance (volts divided by amperes). 
The specific resistance is the resistance offered by a cube of the con uc ot 
(solution) 1 centimeter on an edge. The reciprocal of this value - the 
specific conductance or conductivity. The umt o resistance is the oh n 
whereas the mho, or reciprocal ohm, is the umt of conductivity If for 
example, the resistance is 1,000 ohms, the conductivity is 1/Wo, 
0.001, mho. In a pure solution the conductivity is a unc 
concentration. In a heterogeneous system such as exists , millM*. 
fat and the colloidally dispersed substances obstruct the ions 

migration and decrease the conductivity. conductivity 
Coste and Shelborn- attribute 49 to 78 per cent of 

of milk to the chloride ions. Since the chlorides increase m m,lk produ ^ 

from cows having mastitis, the conductivity measure ‘ yk 
to detect abnormal milk. Cows with normal udders wifi --etejmlk 
with nearly identical conductivities—usually 45 to » X 
Those with infected quarters will secrete milk with lg ei com i 
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Specific Heat—The specific heat of a substance is the ratio between 

the amount of heat required to raise a given weight of the substance to a 

given temperature and the amount of heat required to raise the same 

amount of water to the same temperature. The calorie is the unit ot 

heat, defined as the amount of heat required to raise 1 gram of water 

from 15 to 16°C., or 1°. Thus, the specific heat is the number of calorics 

required to raise 1 gram 1°C. If the pound is used, the specific heat is the 

number of B.t.u. required to raise the temperature 1°F. The B.t.u., or 

British thermal unit, is the heat required to raise 1 pound ol water 1°F. 

The specific heat of a substance depends upon its chemical nature and 

its physical state. Table 18, showing the specific heats of milk and daily 

products at different temperatures, illustrates the influence of chemical 

composition. 

Table 18.—Specified Heats of Milk and Milk Derivatives (Including Heat 

Required to Melt Fat If This Factor Enters)32 

Specific heat at various temperatures 

Substance 
0°C. 

(32°F.) 
15°C. 

(59°F.) 
40°C. 

(104°F.) 
60°C. 

(140°F.) 

Whey. 0.978 0.976 0.974 0.972 
Skim milk. 0.940 0.943 0.952 0.963 
Whole milk. 0.920 0.938 0.930 0.918 
15 per cent cream. 0.750 0.923 0.899 0.900 
30 per cent cream. 0.673 0.983 0.852 0.860 
45 per cent cream. 0.606 1 .016 0.787 0.793 
Butter. (0.512)* (0.527) 0.556 0.580 
Butter fat. (0.445) (0.467) 0.500 0.530 

* Values in parentheses obtained by extrapolation under the assumption that the specific heat is 
about the same in the solid and liquid states. 

The speciiic heat of milk and its products is important in processing, 

for the amount of heat or refrigeration required may be calculated from 

the weight and specific heat of the different products being pasteurized or 
cooled. 

Coefficient of Expansion.—Milk expands when heated and contracts 

when cooled; the ratio of increase in volume per degree of increase in 

temperature is known as the “coefficient of expansion.” When filling 

vats with cold milk, one must remember this property and allow enough 

room for expansion during pasteurization. If products are purchased 

on a volume basis, the temperature is of some importance, since the 

weight per unit volume decreases as the temperature increases. In 

fillmg milk bottles, one must consider the expansion of milk on warming- 

fo. il no space is left for expansion, the milk will be forced past the caps’ 
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Table 19 shows the volume of milk and cream at various temperatures 

compared with a unit volume (1.0000) at 68°F. 

Table 19.—Volume of Milk and Cream at Various Temperatures Compared 

with Unit Volume 1.0000 at 68°F.33 

Fat, per cent 50°F. 60°F. 70°F. 80°F. 90°F. 

4 0.9975 0.9985 1.0000 1.0020 1.0040 

20 0.9930 0.9975 1.0005 1.0035 1.0070 

30 0.9915 0.9965 1.0010 1.0050 1.0095 

40 0.9890 0.9950 1.0010 1.0065 1.0115 

Viscosity.—The “viscosity” of a substance refers to its resistance to 

flow; it is a measure of the friction between molecules as they slide past 

one another. The viscosity of a heterogeneous substance such as milk 

at a given temperature depends upon its composition and the physical 

state of its colloidally dispersed substances, including milk fat. The net 

viscosity-temperature relation, however, is that viscosity decreases with 

increase in temperature; that is, it has a negative temperature coefficient. 

Viscosity is especially important in cream because consumers tend to 

judge richness of cream by its viscosity. Chapter XVIII discusses the 

factors influencing cream viscosity and the methods of measuring i . 

The viscosity of products such as chocolate milk and buttermilk is also 

important in the market-milk industry, for too high viscosity is not 

desirable. 

2. 
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CHAPTER III 

MICROORGANISMS, ENZYMES, AND CELLS OF MILK 

AND CREAM 

BACTERIA 

Bacteria are simple one-celled microscopic plants. In size, most range 

from 0.2 to 5 microns in diameter and from 0.5 to 10 microns in length. 

(4 micron is a unit of measure approximately equal to one twenty-five 

thousandth of an inch.) One trillion bacteria of average size would 

occupy a space of about 1 cubic centimeter.1 Bacteria vary in shape and 

are commonly classified as rods (bacilli), spheres (cocci), curved rods 

(spirilla), and filamentous (trichobacteria). Spherical types may appear 

singly, in pairs (diplococci), or in chains (streptococci) varying from 4 to 

100 organisms. Coccus and bacillus types are most commonly found in 

milk the cocci being more prevalent than the bacilli. Some bacteria are 

motile, deriving their motion from the hairlike flagella (Fig;^3) whereas 

others show only the Brownian movement, which is due to the bomba 

merit of the bacteria by the molecules in the surrounding medium 

Bacteria are widely distributed in nature. The air, soil, and water 

harbor them. Some bacteria are beneficial; for example, certain so. 

bacteria make the nitrites in the soil available to plants «. nitrate* Th 

ripening of certain types of cheese is another example of the benehc a 

Jrivitv of bacteria All forms of bacteria, however, are considered 

Physiology 'of"Bacteria.—Since bacteria are living organisms, they 

require food for growth and energy. Since these nutrients must be taken 

into the cell through the cell wall by osmosis, they must. be 1^ ; 

The complex protein and other ^ at 
enzymes secreted by the bacteria. Bacterial enzy cal.bo„, 

greater length later in the chapter Bacteria^ eq ^ ^ They 

oxygen, hydrogen, sulphur, an ceram mui ■ ^ their f(l0,\ must be in 

can grow only when in contact w^ ^ bafjcd on this fact-for 

solution. Some forms ol food p • osmosis depends upon 
example, the drying of fruit and io,,’on the two 

the relative concentrations of per t bacte„a cannot 

sides of a sc impermeable membrane water is drawn 

grow in concentrated salt oi sugai so lias is of 
from them into the more concentrated media. This 

34 
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other methods of food preservation—for example, pickling with salt 

and the preservation of sweetened condensed milk, which usually con¬ 

tains 40 per cent sucrose. 
Vegetative forms of bacteria (metabolizing and reproducing cells) 

may be destroyed by subjecting them to high temperatures for various 

periods of time. Different species of bacteria have different thermal 

death points. A temperature of 170 to 212°F. for 15 minutes to 1 hour 

will destroy most vegetative forms commonly found in milk. Some 

kinds of bacteria produce spores (Fig. 3) when they are subjected to 

adverse conditions. Spores can survive drying and exposure to boiling 

water for a considerable time. When conditions of t he environment again 

becomes favorable, the spore changes to the vegetative stage and can 

Fig. 3. Diagram of the shape of bacteria, (a) chain of streptococci, (6) diplococci 
(c) cocci cells, (d) and (e) bacilli with flagella, (/) bacilli, (g), (h), and (t) three types of 
spores in bacilli, O') and (&) curved rods (spirilla). 

then be destroyed at the usual temperatures employed for the sterilizing 

of dairy equipment. Spores can be destroyed, however, by steam of higl 

temperature under pressure. All common pathogenic bacteria (disease 

producing) that might gain entry into a milk supply are destroyed at i 
temperature of 140°F. maintained for 30 minutes. Thus, properl} 

pasteurized milk is considered to be free from disease-producing bacteria 

Certain chemicals, used in the proper strength, may be employed t( 

destroy bacteria. In the dairy industry, chlorine in the form of hypo 

chlorite or some other chlorine compound is most commonly used fo 

chemical sterilization. The destruction of bacteria by heat and by chem 
icals is discussed in detail in Chap. XIII. 

Growth of Bacteria.—Besides a proper food supply and moisture 

bactena requ.re favorable temperatures for growth. The optimun 

temperature vanes over wide limits with different kinds. Hough], 

bactena may be grouped into three classes: the psychroplulic, which cai 

gtow at temoeratures down to 32°F.; the mesophilic, or common, bacteria 
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which are more prevalent in milk and grow best between 70 and 100°F.; 

and the thermophilic, or heat-loving, bacteria, which can grow at the 

pasteurizing temperature of 143°F. A temperature of 40°F. controls 

bacterial growth in milk for several days, after which some reproduction 

takes place. At 50°F., bacteria apt to be found in milk reproduce 

slowly, and they are not destroyed at the freezing temperature. Although 

they reproduce best at their optimum temperatures, growth takes place 

more slowly at both lower and higher temperatures. Figure 4 illustrates 

the effect of temperature on the rate of growth of the three classes of 

bacteria. The graph shows the overlapping of the different groups with 
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Bacteria multiply by transverse fission; that is, most cells elongate and 

divide in the center, two separate organisms being thus formed. In a 

favorable chemical and physical environment, growth by fission takes 

place every 20 or 30 minutes. The growth, continued at this rate for 

12 hours, would result in one organism’s having over 16 million descend¬ 

ants at the end of this time. The growth rate is not uniform, however; 

the products of metabolism, such as lactic acid in the souring of milk, 

render the environment less suitable to growth. 

Streptococcus lactis, for example, is inhibited after about 1 per cent 

titratable acidity has been developed, whereas Lactobacillus bulgaricus 

produces about 2.5 per cent acidity before its growth is inhibited. 

Bacteria are identified by growing them in different media. The 

growth of the pure culture in a series of media places it in a definite 

group, according to Bcrgey’s “Manual of Determinative Bacteriology.” 

The group is then further studied by the use of differential media, which 

permits the final identification of the organism. 

KINDS OF BACTERIA IN MILK 

With proper production and processing, market milk will contain 

comparatively few organisms when delivered to the consumer. The 

groups of bacteria commonly found in milk may be conveniently classified 

according to the changes they cause when growing in milk at room 

temperature or above. 

Acid-forming Bacteria.—The most common fermentation in milk 

is the lactic fermentation in which a portion of the lactose is converted 

into lactic acid. Streptococcus lactis, commonly present in milk to some 

extent, is the principal organism concerned with the normal souring of 

milk. “Starter” is usually a pure culture of S. lactis or a mixture of 

S. lactis and Leuconostoc dextranicum, an organism that produces less 

acid than S. lactis but contributes more aroma to the “starter.”4-5 Cul¬ 

tures used as “starters” in preparing certain milk products usually 

consist oi Lactobacillus acidophilus or Lactobacillus bulgaricus, two other 

acid-forming organisms used in preparing cultured milk6-7 (see Chap. 

Gas-formmg Bacteria.—'These organisms form both acid and gas 

when grown in milk. Escherichia coli and Aerobaeter aerogenes arc the 

most common gas formers occurring in milk. E. coli, one source of 

which ,s the intestinal tract of the cow, is undesirable in milk. Ayres 

found tlTTh * Pr°d7ed mi,k Under the worat possible conditions, 

was about 2 nnnaVerageir,° °n'“rr0genes C0UIlt of tho milk examined 
was about 2,000 per milliliter. Large numbers of these organisms in 

50oF 77 i'l ‘('atC '/‘f thc milk was hold at a temperature higher than 
50 F. and that growth has taken place. Milk produced under the best 
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conditions may be expected to contain less than 100 colon-aerogenes 

organisms per cubic centimeter.9 A. aerogenes, being found on hay or 

grain and in the soil, is usually present to some extent. According to 

Hammer,10 A. aerogenes grows at a lower temperature than E. coli and 

hence, under ordinary conditions, is more important from the standpoint 

of development in milk. 
Peptonizing Bacteria.—These organisms digest the protein in milk 

(principally casein), thus liquefying the protein. Decomposition prod¬ 

ucts of protein digestion may give the milk fecal odors and a bitter flavor. 

Bacillus subtilis, the spore-forming hay bacillus, is one of the principal 
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organisms in this group that may be found in milk. Streptococcus Uque- 

faciens another peptonizing bacterium, is one of the organisms 
{“he street curdling of milk. The bacteria secrete a rennetlike 

enzyme, which coagulates the casein. Later, acid is ^vdoiM J 

finally protein decomposition takes place, 1 epton.zers in milk J 

indicate poor sanitary conditions of milk production. 
Ronv M k-Occasionally, milk is observed to have a viscous sticky 
Kopy JYI11K. cc . f! : tvDe of fermentation are 

consistency. Bacteria capable of causing this tj P® „isc08US is 

frequently found m stagnant and sur ac • ' belonging to the 
thc typical example of this group. pSeurization 
Escherichia-Aerobacter group may also canopy' ^ 1 ^ 

effectively controls the condition. 0P> 'these organisms is not cooled 
grow at 50°F.; and if raw milk containing - gndition mav develop 

to a low temperature and soon pasteurize , ^ orRanisms are 

before the milk reaches the pasteurizing p • nment and of the 
found in the milk plant, thorough sterilization of equipment 

A 
l-coag.- 
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floor and wall surfaces in the bottling room is usually necessary to avoid 

the recontamination of pasteurized milk. 
Types of Bacteria in Raw and Pasteurized Milk—Ayers and Johnson11 

were the first to investigate thoroughly the types of bacteria in raw milk 

and in the same milk pasteurized at different temperatures. To facilitate 

the work of classifying the bacteria, they inoculated each colony of the 

plates into litmus milk and grew it at 30°C. for 14 days. The organisms 

were classified as acid-coagulating, acid-noncoagulating, inert, alkali¬ 

forming, and peptonizing, depending on the change that took place in 

the litmus milk. The work has been confirmed many times by other 

observers. Figure 5 illustrates the work of Thurston and Olson,12 

in which the types of bacteria in high-grade raw and pasteurized milks 

were compared. In addition to the five types listed by Ayers and 

Johnson, Thurston and Olson included a group designated as “acid 

coagulating-peptonizing.” The figure shows that the principal difference 

between the percentages of the various types in the two milks, as a result 

of pasteurization at 142°F. for 30 minutes, was an increased percentage 

of the acid-forming bacteria and a decrease of the acid-coagulating types. 

The influence of pasteurizing milk at 142°F. and at 176°F. for 30 min¬ 

utes on the types of bacteria in low-count milk was investigated at the 

California Experiment Station.13 The following lots of the same milk 

were studied: raw, pasteurized in the laboratory at 142°F., processed in 

the college creamery at 142°F., and pasteurized in the laboratory at 

176°F. for 30 minutes. Acid-forming organisms predominated in the 

milks pasteurized at 142°F.; whereas the peptonizers were at a minimum. 

The milk pasteurized at 176°F., on the other hand, had principally the 
peptonizers. 

The original raw milks used had an average bacteria plate count of 

25,250 per milliliter, the range being from 4,800 to 71,500. When raw 

milks of exceptionally low counts in which the lactic organisms are few 

are left at room temperature to sour, the peptonizers sometimes grow 

first and inhibit the acid formers. This results in putrefactive decom¬ 

position rather than normal souring. The same conditions occasionally 

occur in pasteurized milk in which the acid formers are not present in 
normal quantities. F 1,1 

clench0*6"? That,Survive Pasteurization.—When normal milk is effi- 

alivo The7 'Z' ' aPPr°Xlmately ' per cent <*f ‘he bacteria may remain 
<d,ve. rhe types remaining depend on the number of heat-resistfnv 
organisms that were in the milk before pasteurization and , f R 

ture to which it was heated. eunzation and the tempera- 
Pasteurization at 143°F for qn •„ , 

pathogenic organisms that might be presentTn milk °j- a11 common 
streptococci. The presence of , iv . k’ including hemolytic 

presence of nonpathogenic hemolytic streptococci 
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such as Streptococcus durans and S. zymogcnes in properly pasteurized 

milk is fairly common and should not be regarded as a public-health 

hazard.14 

Two principal types of bacteria that survive pasteurization at 143°F. 

are the thermoduric* and the thermophilic. The thermoduric organisms 

differ from the thermophilic bacteria in having a lower optimum growth 

temperature (Fig. 4). The thermophilic have an optimum growth 

temperature near that used in pasteurization. The thermoduric organ¬ 

isms are of two types, spore formers such as Bacillus subtilis which can 

survive when in the spore state and nonspore formers which have a 

greater resistance to temperatures that destroy the ordinary bacteria. 

Spore-forming thermophiles are widely distributed in nature15 and, 

though not common in milk, may be demonstrated by growth on special 

media at higher than standard incubation temperatures. Not all 

thermophiles, however, are spore formers. Certain types may survive in 

the vegetative state and reproduce at 140 to 160°F. Raw milk at the 

farm may be seeded with thermophilic organisms from soil or water. 

Since these grow well at pasteurization temperatures, they may become 

a problem in milk plants. If milk is held hot for 1 hour or more or if the 

equipment is used continuously for several hours without being cleaned 

and sterilized, enormous populations may be built up. Mu ge, w o 

has studied the problem, recommends the careful daily cleaning o 

equipment and the use of steam sterilization. 

“GERMICIDAL” PROPERTY OF MILK 

The so-called “germicidal” property of milk has been noted by many 

investigators. Fokker- apparently first suggested the Presence 

bactericidal substances in fresh milk. The real nature of_a*too - 

still disputed The property, however, can be easily demonstrated, 

milk^s plated for bacteria content immediately after it 
frequent intervals subsequently, the count during the first few hours d ^ 

not increase; instead, it will usually decrease. is ac ion 18 

SSskSSSsskk 
* Robertson15 defines thermoduric nSkfat 

between 20* and 37“C„ but will survive .11 g*c for 30 ralnutes." In the 

least 90 per cent survival) at temperatures . g survive pasteurization are 

present text, all bacteria, except ^®™0P'“I^lrLr.w, for certain psy- 
termed thermoduric. Robertson s defimt 1 for 30 miuutes. Certain 

chrophilic bacteria can survive past! im/.i■ 111 ^ (Jftn grow ftt lower temperatures 

thermophiles. The obligate thermoplu.es, 

however, arc more likely to be a problem in the milk plant. 
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According to Sherman and Curran,13 Streptococcus lactis is definitely 

inhibited when inoculated into fresh milk. High temperatures—that is, 

about 140 to 176°F. for 30 minutes—appear to destroy the germicidal 

property of milk. Investigators report that the germicidal property of 

milk is more marked at 100°F. for a shorter duration than it is at 40 F. 

Not all milk, however, exhibits the germicidal,property. 

Roseneau and McCoy19 consider the phenomenon to be due to 

agglutination (clumping) of the organisms, which makes the plate count 

show several organisms as one colony. Jones21 and Jones and Little,22 

who have more recently studied the problem, offer a different explanation. 

They found no evidence of agglutination or bacterial destruction, and 

hence they prefer the name “bacteriostatic” to “bactericidal” or 

“germicidal” in referring to the phenomenon. It is their opinion that 

the substance responsible for the delayed growth of bacteria is a filter¬ 

able, heat-labile substance of natural origin, the purpose of which is to 

restrain the growth of bacteria in the udder. 

The germicidal property of milk is of little importance in the preserva¬ 

tion of milk. 

ENZYMES IN MILK 

Enzymes—complex organic compounds secreted by living plant and 

animal cells—initiate chemical reactions but emerge unchanged. Since 

they are not used up in the reaction, a small quantity of the enzyme 

can act upon a large mass of material. Enzymes are specific in their 

action: lipase, for example, acts only upon fat; and proteases act only 

upon proteins and upon protein decomposition products. They are 

relatively unstable. High temperatures, unfavorable pH, light, and 

certain chemicals tend to destroy them. Enzymes can be demonstrated 

only by properly controlled tests. Authorities do not agree on all the 

• enzymes that normally occur in milk.*3 The principal ones usually 
regarded as present are the following: 

Galactase.—This enzyme is a protease and curdles and peptonizes 
casein. It is inactivated by heat at 165 to 175°F. 

activity can be determined. Since s 

* ~ unruu ui uxygen in a 

id conditions the relative catalase 

•some bacteria produce catalase and 
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since excess numbers of leucocytes increase the catalase activity, the test 

is sometimes used in determining milk quality. A temperature of 150 to 

158°F. for 30 minutes destroys this enzyme. 

Amylase (Diastase).—Amylase, a starch-splitting enzyme, is con¬ 

sidered to be the least variable in quantity of all of the enzymes in normal 

milk.23 As the amylase content of the milk of infected udders is greater 

than that in the milk of normal udders, it has been suggested along with 

the catalase test as a criterion of milk from infected udders. 

Lipase.—This is a fat-splitting enzyme that is the cause of rancid- 

flavored milk (see Chap. X). 
Phosphatase.—Phosphatase is always present in milk, and in mixed 

milk its concentration is fairly constant. Its importance in milk is 

discussed in Chap. XXV in connection with tests for the determination 

of proper pasteurization. 
Aldehydase (Shardinger’s Enzyme).—When milk contains a suitable 

oxidant, this enzyme catalyzes the oxidation ol aldehydes. It is capable 

of reducing methylene blue to methylene white in the presence of aldehyde. 

Other Enzymes.—Lactase and salolase are sometimes-said to be 

present in normal milk. With the exception of lipase and phosphatase, 

the enzymes in milk are of little importance from a market-milk standpoint. 

BACTERIAL ENZYMES 

Bacteria elaborate enzymes in order that they may utilize the nutrients 

in the medium for growth or energy. Some of the enzymes digest arge 

molecules in order that they may enter the cell by osmosis, and o - 

initiate oxidation-reduction reactions so that, the eneigt 
“ may be used by the bacteria. The first type o enzyme includes 

the hydrolases, of which lipase and amylase are typical examples, 

second type may be diyided into oxidases and reductases, of which 

the zymase^m 

Inti'aceliular-—that is, they are secreted within the 

is szi HE sstts 
effort to utilize the nutrients present in the medium g 

energy. 

BODY CELLS IN MILK 

r • TVipv are of two kinds: (1) 
Body cells are normally present m • * ^civt[ng tissues of 

“white blood corpuscles, which are 
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different quarters of the same udder vary in numbers, and marked daily 

variations were also noted.24 The number of cells found by Savage2 in 

apparently normal milk varied from 4,000 to 1,000,000 per milliliter, 

whereas in pathological udders the cell count went as high as 368,000,000 

per milliliter. In the study of 122 cows, Breed18 found the average to be 

868,000 per milliliter and the distribution to be as follows: 

Percentage 

of Cows 

.. 48.3 

.. 29.5 

.. 22.2 

Cell Count 

Under 500,000. 

500,000 to 1,000,000 

Over 1,000,000. 

Significance of Leucocytes in Milk.—It has not always been possible 

to correlate large numbers of leucocytes with a pathological condition 

in the udder. Formerly, a count of 1,000,000 was regarded as indicative 

of infection. Recently, Hucker,26 having studied milk samples from 

mastitis-infected cattle that subsequently were given post-mortem 

examinations, concluded that milk containing more than 500,000 cells 

per milliliter always signified a pathological condition in the udder. 

Cherrington, Hansen, and Halverson,27 after analyzing 758 leucocyte 

counts, conclude “that milk from normal udders usually contains less 

than 50,000 leucocytes per ml., whereas milk from infected udders 

almost invariably contains more than 100,000 leucocytes per ml.” In 

working with quarters of the udders of individual cows, they found the 

leucocyte content of milk to be a truer indication of mastitis than the 

other methods they used—namely, pH by bromocresol purple, pH by 

quinhydrone, or plate counts with either plain agar or blood agar. Herd 

milk as received at market-milk plants would have the mastitic milk 

diluted with normal milk; hence, the leucocyte count would not ordinarily 
reveal the admixture of mastitic milk. 

YEASTS AND MOLDS 
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within the adult cells. Molds are multicellular plants that reproduce 

principally by the formation of spores of various kinds. 

Yeasts and molds grow well in acid media; and when sour milk is left 

at room temperatures, yeasts and molds utilize the lactic acid. After the 

acidity has been decreased, bacteria may again grow and digest the 

protein. 

SOURCES OF BACTERIA IN MARKET MILK 

The Udder.—Milk as drawn from the udder is seldom sterile. It is 

doubtless secreted by the cells of the udder in a sterile state but soon 

becomes contaminated by the bacteria normally present in the udder. 

Ward28 and Moore29 first reported that bacteria were harbored through¬ 

out the large and small milk ducts of the udder. 
Harding and Wilson,30 who investigated the bacterial content of 1,230 

aseptically drawn milk samples taken from 78 cows during a period of 

11 years, reported the average count to be 480 organisms per milliliter. 

Eight per cent of the samples contained more than 1,000 bacteria per 

milliliter. The foremilk usually contains the largest number, and the 

strippings usually have a lower bacterial content. Wide variations have 

been reported in the milk produced in the different quarters of the same 

udder even when no inflammation is detectable. Copeland and Olson31 

obtained the following data in studying the bacterial content of the milk 

from the individual quarters of cow udders: 

Table 20.—Bacteriai 
, Content of Milk from Different Quarters of Cow’s 

Udders 

Bacteria per cc. 

Quarter 
Cow 3 Cow 5 Cow 7 Cow 9 

5,080 7 2,165 285 

1,320 
9 180 47 

450 9,450 780 14 

2 28 28 4,850 

Cow 14 

585 

1 
5 

4 

The tvnes of bacteria found in aseptically drawn milk are principally 

micrococci of nonpathogenic varieties and ““ ^ ^ 

milk, both while it is present in^ theu o' d mi|iation of milk 

udder is not an important source of bacterm* ‘ An infected 

unless one or more quarters a,c U',uon bactcria per cubic centimeter, 

udder may yield milk with ^ * kftom normal udders. In the 
Evans32 studied the bacteria five different dairies 

investigation, 192 samples of milk fromi 61 ^ were not multi- 

were studied. In 16.1 per cent of the cases tne 
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plying in numbers worth considering. Streptococcus lactis was not found 

in any of the samples. Long-chain streptococci were found in 15.1 per 

cent; micrococci (staphylococci) in 58.8 per cent. 

The Body.—Dirt such as manure, bedding, and soil may fall from the 

belly, flanks, tail, and udder into the milk pail and thus carry a con¬ 

siderable number of bacteria into the milk. The organisms associated 

with such dirt are often of the gas-forming Escherichia-Aerobacter group. 

Allen33 found a series of 50 samples of fresh cow feces to range from 160,- 

000 to 634,000,000 bacteria per gram. Under ordinary conditions when 

the cow is not especially prepared before milking, as many as 10,000 

bacteria may be added to each milliliter of milk as a result of such 

contamination. 

Utensils.—When not properly washed and sterilized, these are the 

most important source of bacteria in milk as far as total numbers are 

concerned. Prucha, Weeter, and Chambers,34 studying the bacterial 

content of milk as influenced by the utensils, found that 81 cans of milk 

produced when all the utensils were carefully steamed had an average 

bacteria count of 6,807 organisms per milliliter. When all other factors 

were the same except that the utensils were not steamed, 117 cans of 

milk from the same farm had an average bacterial content of 285,600 
organisms per milliliter. 

When utensils are left moist and the milk solids have not been com¬ 

pletely removed irom the surfaces, an ideal environment is provided for 

bacterial growth. Streptococcus lactis is the most common type of 

organism present in unsterilized utensils, but other types are also present. 

When utensils are rinsed with cold water after sterilization, as is prac¬ 

ticed by some dairymen for the purpose of cooling cans, pails, and other 

equipment, just before use, there is always a possibility of contamination 
with organisms causing “ropy” milk. 

Milking Machines. Unless properly washed, rinsed, sterilized, and 

operated, these may become a serious source of bacterial contamination 

the sanitary care, operation, and installation of milking machines are 

considered in Chap. VI. Under correct operation, milking machines 

by hand™™ ^ source of contamination than ffie drawing of milk 

Hands of Milker.—Organisms may drop into the pail from the hands 

and clothing or from the nose and mouth during sneezing or coughing 

Wet-hand milking is especially objectionable because the liquid washes 

dn t and bacteria from the teats, udder, and hands into tiie millc The 

See Ch7no C°nSidered " S°UrCe °f bacteria 

baefmttUJl^s f^aft'he w" ™nSidered an important source of 
‘ th total count ls concerned.10 The feeding of 
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dusty hay ana grain or corn stover just before milking has been shown 

by Stocking35 to contaminate the milk to some extent. Although brush¬ 

ing cows just before milking was also found to increase the bacteria 

content somewhat, it is not an important factor when compared with 

using unsterilized utensils. The bacteria adhering to the dust are, 

however, largely of the putrefactive type and must be considered as an 

objectionable source of contamination of milk. . 
' Growth after Production.—When an excessive number of bacteria 

are found in milk 6 to 12 hours old, the cause may be not contamination 

but growth of the organisms after the milk was drawn from the cow 

If milk is not cooled below 50°F. soon after production, rapid bacteria 

growth results in a greatly increased number after a few hours. 
" Transportation Equipment.-When milk is transported from the 

farm in uncovered cans, dust from the road or streets may collect on the 

Uns and exterior surface of the cans and constitute a source of contamina¬ 

tion when the cans are emptied by mixing 

out or by dropping into the receiving vat fro^the —the 

frmTo1V‘county^ re^vTig^ion and cooled before shipment, the 

equipment used for this purpose *1 ^tlnTmtlkfe usuaUy 

tamination. Modern tan cais ^ city sometimes cause 

transported from the in their sanitary 

contamination ^eo whe“ & preparation of such equipment, 

“£• EV™ retansported without deterioration unless the temperature 
milk cannot be ‘1 .„riim+inn of microorganisms, 
is low enough to pre ven t erepr ^ reaches the city milk plant, 

Milk-plant Equipment. At - eauioment is necessary as 

the same care in cleaning and s eri ^ Weigh tanks, sanitary 

has been described for milk.producedopcoolers, and bottling 

pumps and pipe lines holding tank . W contaminati0n. If they 

machines are all possible some . • become so contaminated 

are not properly sterilized, "pleurization, or higher.” 

that, the bacterial content is as highResale or retail delivery 
Containers. ]%ttles and cans >n[ source 0f bacteria 

may, if not properly sterilized, leco , ^ chambers,” determining the 

in pasteurized milk. 1 liicha, ’ sbed but unsterilized, found 

bacteria in 154 bottles that were toli ■ centimeter would have 

counts indicating that 1,339 bacte> ^ A similar test on 154 

been added to the milk if the botUesJ’ ^ 12>390 bacteria 

bottles left inverted on a rack for ^ou^ ^ ^ ^ 

per cubic centimeter would ha bacterial contamination if they arc 

Bottle caps may also be a »°“rt treated with hot paraffin at the 
exposed to flies, dust, and dirt. ™ 
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factory and packed in paper tubes have been shown to be free from 

contamination. 
Employees—Insanitary practices of employees, such as placing then- 

fingers or hands on bottle openings, bottle caps, coolers, vats, and other 

surfaces with which milk is to come in contact, may contaminate tin 

milk. This would be especially objectionable if the individual is a 

“carrier” of an infectious disease or if he has come in contact with 

infected persons. Modern automatic milk-handling equipment now used 

in large market-milk plants minimizes the opportunity of human contact 

with the milk after pasteurization. 
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CHAPTER IV 

MILK AND THE PUBLIC HEALTH 

Throughout the ages, milk has Been recognized as an important food— 

in many countries, as indispensable. During the past two decades, 

research workers have carried out extensive studies, the results of which 

emphasize the health value of milk produced under proper sanitary 

conditions and protected from contamination. 

Several diseases of man may be spread through milk if it becomes con¬ 

taminated by human beings who are carriers of infectious diseases or 

who have come in contact with persons who harbor such infections. A 

few diseases of dairy cattle, too, may be transmitted to man through 

milk when it is produced by infected animals. 

Under modern conditions of production, transportation, processing, 

and distribution, many persons come in contact with market milk or 

with its containers. During its journey from the rural sections to the 

consumers in large cities, there is ample opportunity for contamination 

with pathogenic organisms if precautions are not taken. 

The milk supply for small communities often lacks the careful super- 

vision given to market milk in the larger cities—one reason why milk- 

borne diseases have been more common in the smaller towns. Usually, 

too, a laigei percentage oi raw milk is consumed in the rural communities 

so that there is increased opportunity for the spread of infections through 
milk. v 

IMPORTANCE OF PROTECTING HEALTHFULNESS OF MILK 

Constant vigilance to protect milk from contamination with patho¬ 

genic organisms is a moral obligation of those connected with the market- 

milk business. It is also the best insurance against financial loss If 

one of the milk-borne diseases should appear among the customers of a 

milk distributor and if the health authorities should report the outbreak 

as originating on Ins dairy farm or in his pasteurizing plant, he may lose 

many customers and also the public’s confidence in his ability to protect 
his milk supply properly. ' 1 

To safeguard the quality of milk distributed, some large dealers 

employ technically trained men to supervise production, processing and 

distribution. 1 he health departments of most large c ties attempt to 

give such supervision; but because the dairy farms supplying Uie ma ket 

and pasteurizing plants are so numerous, adequate stipe,ision is difficult 
49 
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It behooves the producers and distributors, therefore, to take individual 

responsibility. 

According to reports of the U.S. Public Health Service,1 663 milk- 

borne epidemics of human diseases have occurred in this country during 

the years 1918 to 1936. In 1935, there were 1,829 cases and 21 deaths 

from milk-borne diseases reported to the U.S. Public Health Service by 

the city, county, and state health departments. These diseases included 

typhoid fever, paratyphoid fever, streptococcus sore throat, scarlet fever, 

diphtheria, dysentery, gastroenteritis, and food poisoning. Tuberculosis 

and Brucellosis (undulant fever) were not included in this list. Table 21 

summarizes the number of outbreaks for each year during the period 1918 

to 1936. 

Table 21.—Outbreaks of Milk-borne Diseases Reported by State and City 

Health Officials to the Office of Milk Investigation, U.S. Public Health 

Service, 1918-19361 
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recent years, when health supervision has been maintained in most 

cities. . 
According to statistical tables prepared by life-insurance companies,- 

a child born in 1901 had a life expectancy of only 49 years, whereas one 

born in 1936 had a life expectancy of 61. The life span, therefore, has 

been increased about a dozen years since 1901. The protection of water 

and milk supplies, a greater knowledge and interest in guarding the health¬ 

fulness of other foods, a reduction in infant mortality, and increased 

medical knowledge in combating disease have all contributed to this 

greater life expectancy. 

CHARACTERISTICS OF MILK-BORNE DISEASES 

Milk-borne epidemics usually show many cases of an infectious disease 

developing within a short time among persons using a common milk sup¬ 

ply. The number of cases will vary according to the volume of milk 

distributed, the type of infection, and the virulence of the infecting 

organism. The number of persons involved may vary from a few to 

several hundred or several thousand. Such epidemics, as a rule, last a 

comparatively short time and extend only over the area served with a 

single milk supply. At the outset, the cases occur almost exclusively 

among the users of the infected milk; later, other cases may result from 

contact with persons who have become infected from milk. In tracing a 

milk-borne epidemic, one should secure information concerning the use 

of milk by the infected persons, the source of the milk consumed, and 

whether the milk was sold as raw or pasteurized. The history of such 

outbreaks is that the raw milk is more often implicated. Properly 

pasteurized milk is, indeed, never involved unless it has become recon¬ 
taminated after pasteurization. 

HUMAN DISEASES THAT MAY BE TRANSMITTED THROUGH MILK 

Human Tuberculosis. 4 uberculosis in human beings is of general 

prevalence among the population. It has existed in man for many 

centuries, and the human body is its chief reservoir of infection. The 

principal source of the human type of infection is the sputum of the con¬ 

sumptive. There are no data to show that human tubercle bacilli have 

been spread through milk as a result of human contact with it. Since the 

disease develops slowly in man, proof of such infections by milk is not 

obtainable. Nevertheless, persons employed to handle nnlk and milk 

utensils should be free from the suspicion of being tuberculous. 

yphoid Fever. rl yphoid fever is a communicable disease In active 

cases the infective organisms are localized in the intestinal tract u 

and gall bladder. Persons who have recovered may st Hh , 

tion and be capable of infecting others; the organises l^at 

^OLOGlOAl 
--Afy \ 
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ized in the gall bladder or, in some instances, in the appendix and for a 

long time may leave the body with the excreta. Such typhoid “carriers” 

are responsible for most of the milk-borne epidemics of the disease. 

How Milk May Become Infected.—Milk may become infected with 

Eberthella typhosa from the hands of infected persons or “carriers” who 

are careless in their personal habits, from flies whose bodies have become 

contaminated with human excreta, or from a polluted water supply. 

In the larger cities the water is usually well protected by health- 

department supervision. An analysis of the water includes a routine 

laboratory examination for the detection of pollution. Dwellers in rural 

sections are exposed to greater danger from the pollution of the water by 

human wastes. The most common sources of such contaminations are 

the insanitary privy and the excreta left elsewhere exposed.* The danger 

of sewage pollution is exemplified by the typhoid-fever outbreak in 

Santa Ana, Calif., in 1924: heavy rains overloaded the sewers, which 

backed up the sewage into an old drain from a city well. There were 632 

cases and 48 deaths from typhoid in the city, of which 186 cases and 16 

deaths were reported to have resulted from typhoid-contaminated milk.3 

Untrained dairy employees often rinse milk cans and other equipment 

with cold water just before using them as milk containers. This is fre¬ 

quently done for the purpose of cooling the metal. Such a practice is 

dangerous to the milk supply if the water should be polluted. Utensils 

not sterilized after washing may be a source ol infection to milk. 

Milk-borne Typhoid-fever Epidemics— As shown in Table 21, there 

were 422 epidemics of milk-borne typhoid fever in the United States 

between 1918 and 1936. 
One of the most serious of such outbreaks on record occurred in Mon¬ 

treal, Canada,4 in 1927, when 4,755 persons were stricken with typhoid 

fever and 453 died during a period of 4 months. The evidence points to 

negligence in pasteurizing the milk in a daily plant. The milk was 

produced in a district where typhoid was common and where sanitary 

conditions were unsatisfactory. . 
In Berkeley, Calif., in 1906, 10 cases of typhoid fever occurred in 

persons supplied with milk from one distributor. Near the distributor s 

home a carpenter, who was convalescent from typhoid fever was helping 

to construct a building and was using an open pnvy. lhe talilomia 

State Board of Health5 reported that the milk distributor washed the mi- 

cans at his home and hung them on the back fence. Obviously, fly co: 

lamination was responsible for the typhoid-fever cases that developed^ 

The typhoid bacillus is one of the few milk-borne pathogenic orga ^ ^ 

that reproduce in milk. Milk is a 

* Methods for protecting the water on dairy farms arc 

Safeguarding the Milk Supply. 

suitable medium for the growth of 

discussed in Chap. \ , 
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these organisms. When the temperature is favorable, therefore, their 

number may increase and more consumers of milk may become infected 

than with other milk-borne infections in which milk serves only as a 

vehicle by which the organisms are carried. 
Typhoid-fever “Carriers.”—One of the most difficult problems in con¬ 

trolling typhoid fever is the person who has apparently recovered but who 

continues to retain the bacilli in the gall bladder and, in some instances, 

also in the appendix. One of the first such “carriers” in medical history 

was “Typhoid Mary,” who infected 24 persons within 6 years (1901 to 

1907) when she served as a family cook.6 Having refused to submit to 

measures aimed at clearing up the carrier state, she was finally placed in 

isolation for 3 years by the New York City Board of Health. After her 

release she escaped observation for the next 4 years; but in 1915 she was 

found working in a hospital as a cook. Twenty-five hospital employees 

became infected, so that the total cases attributed to her totaled 49 in a 

period of 14 years. Such cases led to a study of the problem. The New 

York State Board of Health between the years of 1911 and 1934 has 

detected 702 typhoid carriers.7 The report of New York State for 1934 

shows that 39 chronic carriers were detected during the year. Of these, 

30 were food handlers, 7 being in the milk industry. In New York State, 

typhoid carriers may not be food handlers or reside on farms where one 

or more cows are kept, except under strict supervision; if milk is sold from 

places where carriers live or work, it may be utilized only by a pasteuriz¬ 
ing plant. 

The Connecticut State Department of Health requires periodic labora¬ 

tory examinations of food handlers in an attempt to identify typhoid-fever 

carriers.8 In some states the condition has been overcome by removal of 

the gall bladder, twelve such operations reported in Massachusetts9 
were successful. 

In Massachusetts, according to Anderson and his associates, the 

improvement in the milk and water supplies and in shellfish sanitation 

has reduced the number of typhoid cases and carriers to the point where 

typhoid from these sources has become rare. In consequence of this 

reduction the carrier problem is becoming less important; in a single year 

many more carriers die than are produced by recent typhoid infections. ' 

n 1924 a typhoid-fever outbreak was started in Stockton, Calif. 

>y a typhoid carrier who was capping pasteurized milk by hand 10 There 

were 80 cases and four deaths involved in this outbreak. This epidemic 

ed to a provision in the Agricultural Code that requires the machine 
capping of milk bottles. 

all Par^yph°id Fever.—Paratyphoid fever resembles typhoid. It is usu- 

atpTr cent aA‘yP d|andKaCCOrding t0 Lentz“ gives a mortality of 
3.3 per cent as compared with an average of 9 per cent in the ease of 
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typhoid. Salmonella paratyphi and S. schottmnelleri are the infectious 

agents in paratyphoid fever. These organisms are present in the feces 

and urine of infected persons and in foods contaminated by them or by 

carriers. 
Although paratyphoid and typhoid are indistinguishable by clinical 

symptoms, they may be differentiated by a laboratory study of the infect¬ 

ing organisms. Paratyphoid fever seldom occurs as a serious epidemic, 

as may be the case with water-borne typhoid. There were 13 outbreaks 

of milk-borne paratyphoid fever in the United States between 1918 and 

1936 (Table 21). Milk-borne paratyphoid is of minor importance as 

compared with typhoid. Milk may become infected in the same manner 

as that described with respect to typhoid fever. 

Streptococcus (Septic) Sore Throat.—Septic sore throat is character¬ 

ized by high and irregular fever, sudden onset, inflammation and swelling 

of the lymph glands of the throat, and other indications of a virulent 

infection. It may be attended with more complications than the usual 

type of tonsilitis such as formation of abscesses around the tonsils and 

in the cervical lymph glands. 
Streptococcus sore throat in man has been attributed to Streptococcus 

epidemicus, an organism primarily of human origin. More recently, 

authorities have been inclined not to name the organism but to refer to 

it as a hemolytic streptococcus that fits into the Lancefield A group. Cer¬ 

tain evidence in the literature indicates that the organisms causing septic 

sore throat and scarlet fever are similar if not identical.'-- 1 he organism 

may reproduce in a cow’s udder if it should be introduced through th, 

lumens of the teats from the hands of an infected milker. Although le 

organism sometimes attacks the tissues of the udder, a physical“TJT 

tion cannot be depended upon to identify infected cows. Ttaprevail mg 

opinion is that the organism docs not spread readily from“ ™6'd, 

infection exists. __TWp were 75 outbreaks of 
Streptococcus-sore-throat Ep«ie»m«. during the years 1918 

milk-borne septic sore tin oa in e outbreaks each year is not 

to 1936 (1 able 21). Alt 8 be matter 0f concern because 
large, the seriousness of the dist e. , infected. In a serious 
of the percentage of persons w 10 usu cases and 

milk-borne epidemic in Portland Ore ' 2^lk dairy and finally 

22 deaths.12 The trouble was nice udder. A pathogenic 
to one cow that had mastitis in one qu udder, and the milk 

hemolytic streptococcus was iso a e cubic centimeter. 
produced showed 10,000,000 of these oigamsms pel 
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It was found that one of the milkers on this dairy had a mild case of sore 
throat and large, red, inflamed tonsils. The organism isolated from his 
throat was indistinguishable from those isolated from the cow and from 

the cases that developed in the milk route. 
In Lee, Mass., in 1928, there were 1,000 cases and 40 deaths among a 

population of 4,050 inhabitants.13 
When similar epidemics were reported in England in 1903, it was 

stated that hardly a year passed without an outbreak.14 
There were five epidemics of streptococcus sore throat in the United 

States in 1934 and none in 1935. 
Prevention of Streptococcus Sore Throat.—The prevention of strepto¬ 

coccus sore throat carried by raw milk depends on the ability ol milk 
producers and control officials to prevent udder infections from human 
cases of sore throat by eliminating from contact with milk those persons 
who are affected. Even when the greatest precautions are taken, a 
danger still exists because of the lack of knowledge and training among 
the workers on farms and the operators of small dairies. With the 
numerous responsibilities connected with the average dairy farm, owners 
cannot be depended upon to recognize and eliminate potential sources 
of the infection and entirely to protect the milk supply. Proper pas¬ 
teurization, which destroys the streptococcus causing sore throat, must 
be considered the best safeguard. 

Scarlet Fever.—Scarlet fever, an infectious disease of man, is caused 
by a hemolytic streptococcus. Although generally considered as coming 
from a case of human infection, apparently the organisms may become 
localized in the udders of cows as the result of an infection from a person 
who is affected with scarlet fever and who carries the organisms on his 
hands to the udders, as in the case of streptococcus sore throat. Jones 
and Little15 were the first to prove that cows could be infected with the 
streptococci of scarlet fever. According to Jones16 the usual view that 
milk-boine epidemics ol scarlet fever are due to a human case or carrier 
on the farm or in the dairy is erroneous. He reports that milk is an 
inhibitive agent in which such organisms fail to grow. In his opinion, 
“severe outbreaks of scarlet fever resulting from contamination of milk 
must be viewed with considerable doubt.” Possibly a few individuals 
may contract the disease through direct human contamination of the 
milk, but it is likely that the occurrence of epidemics would require a 
much heavier inoculation of the milk than would be probable by this 
means. On this basis, epidemics are now believed to result from udder 
infections in which a large number of streptococci are present and contam¬ 
inate a large volume ol milk with which the infected cow’s milk is mixed. 

pidemics. Milk-borne scarlet-fever epidemics in the United States 
between ,918 and ,936 (Table 21) totaled 81, „r an average of appro*! 
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matcly 4 outbreaks a year. In 1929, there were 11 outbreaks in this 

country with 1,052 cases and one death.17 

In a typical outbreak of scarlet fever occurring in Wellsville, N.Y., 

in January, 1936, 200 cases appeared among a population of 6,000.18 Of 

115 cases investigated, 103 were in households regularly supplied with raw 

milk or cream by one distributor. A cow with mastitis was found on 

one of the farms supplying the dealer, and two sons of the owner had 

sore throats about the time the cow showed the infection. A hemolytic 

streptococcus of the type usually associated with human infections was 

isolated from the cow. 
Safeguarding Milk from Scarlet Fever— The protection of the milk 

supply from scarlet fever of animal origin requires that human cases 

shall not have contact with the milking herd. When a suspected milk- 

borne epidemic occurs, all cows in the herd should be examined lor possible 

udder infection, and suspicious animals eliminated. Where proper 

pasteurization has been immediately applied to all milk m case ol epi¬ 

demics, there is usually a rapid decrease in the development of new cases. 

Diphtheria. —Diphtheria, an infectious disease occurring more com¬ 

monly among children, resembles a sore throat or tonsilitis and is caused 

by Corynebacterium diphtheriae. The infecting organisms are localized 

in the throats and noses of infected persons, of some who have apparently 

recovered, and frequently of those who have been in contact with per¬ 

sons affected. Contact individuals immune to the infection may never¬ 

theless carry the disease to susceptible persons or to the milk supply. 

Although the diphtheria bacilli are of human origin and are not com¬ 

monly spread by milk, ulcers on the teats of cows have been known to 

become infected from human sources and have been reported to spicad 

the infection to the milk.- Seldom, however, are animals concerned m 

milk-borne diphtheria. In most instances a person with a mild Cc. 

the disease or one in contact with the sickroom is the source 
Epidemics.-From a national standpoint, diphtheria has become 

relatively^nimportant a* a milk-borne disease- There were lb nnlk- 

hnme outbreaks in the United States between 1918 and 1936 (Table 21). 

ErtfSA*1ic r= - 

persons or carriers after the milk leaves the cow. 
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Dysentery.—Dysentery is a form of intestinal infection characterized 

by the frequent passage of blood and mucous in the stools. A here are 

two types: bacillary dysentery caused by Shigella dysenteriae and amoebic 

dysentery caused by Endamoeba histolytica. Either organism may be 

present in the bowel discharges of infected persons. Amoebic dysentery 

is not important as a milk-borne disease and will therefore not be 

described. 
Bacillary dysenteiy occurs in all countries and climates. In the 

United States, seven milk-borne outbreaks were reported between 1918 

and 1936 (Table 21). 
Milk may become infected by contamination with infective material 

from the hands of the milkers or milk handler; utensils may be con¬ 

taminated by hands, by infected water supply, or by flies that have had 

contact with infective human excreta. Since infected persons may 

become carriers after recovery, they must be looked upon as an important 

source of infection. 

General Measures for Control.—No milk for human consumption should 

be sold from a place occupied by a patient unless the persons handling 

the milk occupy quarters separate from the house where the patient is 

sick and unless all utensils are cleaned and kept in a separate building. 

All attendants upon the patient should be prohibited from contact with 

the milk or utensils, and all precautions must be taken to exclude flies. 

ANIMAL DISEASES THAT MAY BE TRANSMITTED TO MAN THROUGH MILK 

Bovine Tuberculosis. 1 uberculosis is an infectious disease of slow 

development more commonly involving the lymph glands, lungs, and 

liver. The udder, bones, joints, and other tissues show lesions less fre¬ 

quently. The disease is characterized by nodules, or tubercles, formed 

as a result of the growth of the bacillus in the tissues. The animal 

becomes infected either by ingestion or by inhalation of infected material, 

but in cattle the former is by far the more common mode of infection.’ 

Small localized lesions of tuberculosis do not materially affect the health 

of the animal, although tests used for diagnosing the disease may show a 
reaction indicating infection. 

Prevalence of Bovine Tuberculosis.—Bovine tuberculosis is exceedingly 

ccnt^1 T1' In °U1rr tim°S’ U ™ quite Prevalent among cattle in 
centrai Europe. It has existed in northern Asia and western Africa 

world°» InThSPna? A n,'arly e™-y cattle-producing country of the 

Z nbuted In urn m nSeaS° dah'y cattle became "Mely 
stnbuted. In 1910, Melvin estimated that 10 per cent of our cattle 

would react to the tuberculin test. Cattle 

Since 1917 the U.S. Department of Agriculture has made much nrotr 

ess in reducing the percentage of tuberculosis in cattle in the United 
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States. In that year, the department inaugurated the accredited-herd 

plan, a system of accrediting individual herds of purebred cattle that had 

passed two annual or three semiannual tuberculin tests without reactors. 

During the first year of the operation of the plan, 20,101 cattle were 

tested, of which there were 045 reactors, or 3.2 per cent. During the 

next 4 years the work was extended, with the results shown in Table 22. 

Tabus 22.—Annual Results of Tuberculin Testing of Cattle in the United 

States under the Cooperative Tuberculosis-eradication Plan, 1917-1936 

Fiscal year Cattle tested 

Reactors 

Number Per cent 

1917 20,101 645 3.2 

1918 134,143 6,544 4.9 

1919 329.878 13,528 4.1 

1920 700.670 28,709 4.1 

1921 1,366.358 53,768 3.9 

1922 2,384,236 82,569 3.5 

1923 3,460.849 113,844 3.3 

1924 5.312.364 171,559 3.2 

1925 7.000.028 214,491 3.1 

1926 8,650,780 323,084 3.7 

1927 9,700,176 285,361 2.9 

1928 11,281,490 262,113 2.3 

1929 11,683.720 206,764 1.8 

1930 12,845,871 216,932 1.7 

1931 13.782,273 203.778 1.5 

1932 13,443.557 254,785 1.9 

1933 13.073.894 255.096 2.0 

1934 15,119,763 232,368 1.5 

1935 25,237.532 376,623 1.5 

1936 22.918.038 165,496 0.7 

Total. 178,445.721 3.468.057 1.9 

In 1922 the tuberculosis-eradication-area plan was adopted; circum¬ 

scribed areas such as townships or counties were tested in addition to 

the animals included under the accredited-herd plan. In that year, 

2 384 230 cattle were tested, with 82,509 reactors, or 3.5 per cent, ie 

testing was continued in the following years, usually with gradual reduc¬ 

tions in the number of reacting animals. In 1930 there were 22,918,038 

tests, of which 0.7 per cent reacted. This figure represents the prevalence 

of tuberculosis among the herds in the areas tested where the eradication 

program has been carried out. Probably, however, herds in areas where 
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KiK-h testing has not been conduct would show a much higher percent¬ 

age of reactor*. 
How Mill: Become* Contaminate!.—Milk Ix-conus contaminat'd with 

Mycobacterium tuberculosis (bows) more commonly through the udder and 

from the manure of infected animals. 
The milk of infected cows may contain tuberde'bacilli when lesions are 

present in the udder. In such cases, enormous numbers of the bacilli 
may enter the milk directly. When the lesion* first form, they are not 
well enough developed to be identified in the udder even when tubercle 
bacilli are excreted in the milk. As the lesions develop, they may form, 
in the udder tissue, hard lump- that may be identified \>y palpation. 
Since, however, such lumps may result from other cause*, they do not 
always indicate tuberculosis. 

When the udder tissues are extensively involved, a uniform, firm 
swelling may be observed. In such advanced cases the mucous mem¬ 
brane of the milk ducts and milk cistern may also exhibit -mall nodufe- 
and ulcers. Tuberculous lesions usually do not form in the udder until 
the disease in the animal has become generalized. 

Manure must be considered as a very common .source of infection of 
milk when cows are affected with the pulmonary form of the disease. 
\\ hen open lesions are present in the lung-, the infected material, con¬ 
taining a large number of tubercle bacilli, may be coughed into the 
mouth. Cows do not expectorate but swallow the -putum. In this way 
a large number of the bacilli pa-- through the alimentary tract. In many 
cases, enough organisms are present to permit them to be identified in 
feces by means of guinea-pig inoculation. The result- of thus examining 
feces are reported by Williams and Hoy21 in Table 23. 

Table 23. Pbesexce op J cbebcle Bacilli i.v Cow'- Feces Identified bt Meaxs 

of Guixea-pig Ixocclatiox*1 

County Number of cows Number of complete Cow* e*cret“* 
examined test* bovine-tubercle 

organisms 

t„h?Tv “■,r‘ °PP"rtunit-V for milk to Worn.- infected with 
uW-1.. bacilli from manure that dings to the udd.-r ami th- -id,- 0f 

cows not property cleaned before milking. The milk mac also Won 
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infected during milking from fresh manure splashing from the floor into 

the milk pail or into other milk utensils which are sometimes left standing 
on the floor of the stable. 

The stable air and dust should be considered a less important source 

of infection, although particles of sputum and moisture may be expelled 

into the stable air by the coughing of tuberculous cows during milking. 

Prevalence of Bovine Tuberculosis in Man.—Before the eradication 

program was undertaken in the United States, bovine tuberculosis in 

man was more prevalent than it is now. Theobald Smith in 1898 was the 

first to report a difference in the characteristics of the organisms from 

bovine and human sources,22 but not until 1901 did the medical profes¬ 

sion accept this view. Realizing, at last, that the two diseases were 

caused by different organisms, research workers in the United States, 

Great Britain, Germany, and France rapidly accumulated data which 

indicated that the bovine-tubercle bacilli caused a definite proportion 

of tuberculosis in human beings, particularly in children. Park and 

Krumwiede’s investigations23 on the relative importance of the bovine and 

human types of tubercle bacilli in the different forms of tuberculosis are 

summarized in Table 24. 

Table 24.—Summary of Types of Mycobacterium, tuberculosis Found in 1,511 Cases23 

Diagnosis 

Adults sixteen 

years and over 

Children five to 

sixteen years 

Children under 

five years 

Human Bovine Human Bovine Human Bovine 

778 3 14 i 35 1 

Axillary or inguinal tubercular 
3 4 2 

Cervical tubercular adenitis. 36 

16 

1 

4 

36 

8 

22 

9 

15 

10 

24 

14 

Generalized tuberculosis of ali- 
6 1 3 4 17 15 

29 5 1 74 7 

Generalized tuberculosis and 

meningitis of alimentary origin 

Generalized tuberculosis and 
5 

1 

10 

5 

76 

10 

1 

1 , . 3 28 4 

Tuberculosis of bones and joints. 32 

34 

1 

5 

41 

6 

3 

7 

27 

3 

Total. 
940 15 131 46 292 76 

As the work of Park and Krumwiede indicates, in tuberculosis of 

children under six years of age the bovine tubercle bacilli are found most 
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commonly in tubercular cervicle adenitis, in abdominal tuberculosis, and 

in generalized tuberculosis of alimentary origin. Park and Krumwiede, 

studying 1,511 cases, found that slightly less than 10 per cent of the total 

number of deaths from tuberculosis in young children were due to the 

bovine infection. 
Bovine tuberculous infections in man are not confined to children, 

however; nor are pulmonary infections from bovine tubercle bacilli 

unknown in human beings. Griffith and Smith24 report that by the end 

of 1933 nearly 80 cases of bovine pulmonary tuberculosis in man had been 

discovered in Great Britain. 

From medical literature, one must conclude that bovine tuberculosis is 

frequent enough in children under sixteen years of age to justify all 

reasonable precautions against the use of raw milk from tuberculous 

animals. 

The methods of safeguarding milk from such infection are discussed in 

Chap. V. 

Brucellosis.—Brucellosis (Brucelliasis) is the name recently given to 

a disease formerly called “Malta,” “Mediterranean,” or “undulant” 

fever.25 26 Three species of the genus Brucella infect man: B. melitensis, 

the goat (caprine) strain; B. suis, the pig (porcine) strain; B. abortus, the 

cow (bovine) strain. In human beings the disease is contracted by con¬ 

tact with animals infected with one or more species of Brucella or by 

consuming the milk of infected cows or goats. The most constant symp¬ 

toms are intermittent fever, weakness, and profuse perspiration. General 

aching and headache are frequent; and pain may be localized in the back, 

neck, joints, and abdomen. The symptoms may continue for 1 to 3 

months. At times the disease completely incapacitates the sufferer; 

aud 2 to 3 per cent of reported cases terminate fatally.27 The symptoms 

are not sufficiently uniform to permit diagnosis without serological 
confirmation. 

ro^ ^ rTid f aBrucella infection was sported by Marston in 
He called the disease “Mediterranean” or “gastric” fever. In 1859 

lOOf. T\ • , T-. „„ . ---*■ ltJVt 

88 J, David Bruce isolated the organism causing the fever from the 

spleen of a victim of the disease and later named it Micrococcus melitensis 

Ifermd to Ts°“Ee’’1?feCtiT 'VCTe dUC t0 the g°at Strain and were 
island of Malta. b““" thelr S0UrCe on the 

Ten years after Bruce isolated the causative agent of Malta fever 

Bang Denmark discovered the cause of infectious abort on h oa «o » 

fattleT B n“S ab0rtUS’ aI'd d-aTinduced in 

noted a similar infectionTn'swine !n"l<m T, t”'’* ,lisca-se-” Traum 

differs in some characteristics and is now called BrSaT"’ ^ 
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Evans in 1917 found that Bang’s bacillus resembled in cultural and 

serological characteristics the micrococcus discovered by Bruce.25 She 

remarked in her report that since Bruce’s organism caused Malta fever 

in man one might logically expect to find similar infections from the 

bovine strain. 

Man has proved susceptible to all three Brucella species, and the other 

two types are more virulent than the bovine.26 Aborting cows may 

harbor any of the three abortion organisms; but the susceptibility of 

human beings varies greatly, particularly with respect to the bovine 

type.32 

Prevalence of Brucellosis.—Brucellosis in man resulting from the 

caprine infection is widespread in subtropical regions and presents an 

important health problem in the countries bordering on the Mediter¬ 

ranean, in South Africa, in India, in China, and in the Philippines. It 

has also been reported as occurring in the state of Arizona. 

Brucella suis is prevalent in the United States in the swine-producing 

areas, also in Denmark and Hungary, and probably in many other 

countries. 

Table 25.—Incidence of Brucellosis in Various Regions of the United 

States, with Factors Possibly Accounting for Variation 

(Hardy, Jordan, and Borts)27 

Cases of 

Brucellosis 
Examination of cattle 

Region 

per 

100,000 

popu¬ 

lation, 

3-year 

average* 

Rural 

popu¬ 

lation, per 

centf 

Percentage 

positive for 

Brucella 

infection 

Percentage 

in herds 

with one 

or more 

reactors 

Percentage 

distri¬ 

bution 

of hogs 

West North Central 

Pncifin . 

3.8 

2.3 

58.2 

32.5 

10.7 

7.9 

53.7 

43.2 

53.5 

2.1 

TVTmintn in . 1.7 60.6 7.6 52.3 2.5 

East North Central. 

TVT irl_ A t in nt ic . 

1.6 

1.5 

33.6 

22.3 

9.6 

7.3 

45.1 

52.9 

21.1 

1.7 

1.5 22.7 10.7 58.5 0.4 

Siin+Vi Atlantic. . 1 .3 63.9 7.2 49.6 7.1 

West South Central 

East South Central. 

0.7 

0.6 

63.6 

71.9 

12.2 

10.1 

53.6 

64.9 

6.2 

5.4 

Total. 1.6 43.8 9.5 52.6 100.0 

* From 1929 to 1935. 
f Those living on farms or in towns of less than 2,590 

population. 

As Table 25 indicates, the largest number o human cases of Bmcel 

losis occur where the swine industry is intensely devekrped. 
the sources of Brucella infections in man, Hardy and h.s assocrates 
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found that 70 per cent were of the porcine variety out of 124 cases in 

which the organism was isolated from the blood stream or from local 

lesions. 
The exact number of our cattle infected with Bang s disease is not 

known. Much blood testing has been done in a number ot states, and 

the results indicate a widespread infection among-dairy cattle throughout 

the country. In 1934 an extensive program for eradicating boviin 

infectious abortion was undertaken by the U.S. Department ot Agricul¬ 

ture. This work has been continued, and 7,400,000 blood-agglutination 

tests have been made of dairy cattle in nearly halt a million herds.-7 

Table 25 shows the general distribution of infected cattle throughout the 

United States. The average number of reactors was 9.5 per cent of the 

animals tested, and 52.6 per cent of the herds tested showed one or more 

reacting animals. Where cows in individual herds have been examined, 

20 to 50 per cent or more have reacted to the agglutination test for 

Bang’s disease. Since the program in most states has been voluntary, 

probably the herds tested were not those that were more extensively 

infected, and the testing of all cows would have shown more than 9.5 per 

cent of reactors. 

Table 26.—Reported Cases of Brucellosis 1925 to 1935, in the United States 

(Hardy and Others)27 

Year Number of cases 
Number of states 

reporting cases 

1925 24 5 
1926 46 8 
1927 217 21 
1928 647 41 
1929 952 44 

1930 1,420 46 
1931 1,351 40 
1932 1,326 41 
1933 1,659 45 
1934 1,887 43 

1935 1.897 45 

Total... 11,426 

Brucellosis m Man — The first human case of Brucella infection of 

TTie B‘ ^s type in the United States was diagnosed at Johns Hopkins 

Umversttym Baltimore by Keifer in 1922 and reported by him in 1924 ^ 

n 925, Duncan isolated the first B. abortus organisms from man - In 

(Tabled) CaSC“S hUman infeCti°nS wcrc reP°rt^ in this country 
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The number of cases reported annually has increased markedly since 

1925, the total for 1935 being 1,897. These cases, however, included the 

porcine, caprine, and bovine types; and cow’s milk has not always been 

responsible. Many Brucellosis infections in man have developed from 

direct contact with swine and cattle without raw milk’s being implicated. 

Data are not available to show the exact relation of raw-milk consumption 

to Brucellosis in man, although Hardy35 in 1932 reported 626 cases of 

Brucellosis in Iowa, of which 211 were attributed to the use of raw 

milk and milk products. Iowa is an important swine-producing state, 

and the porcine type of infection is more virulent to man than is the 

bovine. Because, however, cattle are susceptible to porcine infections, 

it would seem highly desirable to separate the dairy cows from swine 

and their environment. Apparently, a large amount of Brucellosis 

among consumers of raw milk in Iowa has resulted from porcine infections 

in dairy cattle, which carried the infection to man. This view is sup¬ 

ported by a milk-borne epidemic of Brucellosis reported by Beattie 

and Rice36 in which 27 severe cases caused by the porcine strain occurred 

among 350 regular patrons of a raw-milk dairy during a period of 3 

months. According to the information available, Brucella infections of 

man resulting from the bovine strain are less important than those from 

the porcine. 
Data provided by the various state departments of health on the total 

amount of Brucellosis in this country in 1935 indicate an incidence ot 

approximately 2 cases per 100,000 population.27 . 
Foot-and-mouth Disease.—Foot-and-mouth disease, which is highly 

infectious to animals, is characterized by fever and by the formation o 

vesicles in the mouth, on the udder, above the hoofs, and between le 

toes The vesicles rupture, leaving superficial erosions that sometimes 

develope into ulcers. The disease is caused by a filterable virus to which 

cattle and other cloven-footed animals are susceptible. Rare instances 

in men are alleged to have occurred. mffWnt times 
Prevalence.—Foot-and-mouth disease has prevailed at different times 

in almost every cattle-raising country of the world. It 
European countries, where it causes senous losses. In ^ UmtodState* 

there have been eight outbreaks, the first occurring 
New York in 1870 and the last in 1921. In the lattei in .... 

•we ::" the;irus 
Of the disease is contained in the serum of Ztil 

milk, and various others—;an, present 

teats and UntLinltion from the vesicles during milking. 
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Importance.—Foot-and-mouth disease is oi little importance in the 

United States. It does not now exist in this country, and any outbreak 

is quickly suppressed by drastic action of the Federal Bureau of Animal 

Industry. 
In man the symptoms resemble those observed in cattle. There aie 

fever, difficulty in swallowing, and heat and dryness in the mouth, fol¬ 

lowed by eruption of blisters in the mouth and very rarely by similar 

blisters on the fingers. The disease is usually mild, and death practically 

never occurs from it except in weakened children. 

Because proper pasteurization destroys the infective agent, such 

treatment should be applied to all milk and other daily products from 

infected or suspected areas. 

Milk Sickness.—Milk sickness, a condition affecting human beings, 

is caused by consuming the milk of animals that have eaten certain 

poisonous plants. In animals this disease is known as “the trembles.” 

Richweed or white snakeroot, Eupatorium urticaefolium, and jimmy weed 

or rayless goldenrod, Aplopappus heterophyllus, are the principal plants 

involved; but A. fruticosis, a close relative of the latter, has proved 

equally capable of causing the condition. These plants contain a poison¬ 

ous substance known as “tremetol,” which has proved to be the cause 

of the disease. 

Cases of the trembles, or milk sickness, have been reported by Couch39 

in Virginia, North Carolina, South Carolina, Georgia, Maryland, West 

Virginia, Kentucky, Tennessee, Ohio, Indiana, Illinois, Missouri, Michi¬ 

gan, Texas, New Mexico, and Arizona. 

The disease may occur at any time during the life of the plants, but 

more commonly in the late summer and in early fall when wholesome 

forage plants have been consumed and the cattle must graze on plants 

that they refuse when other feed is plentiful. 

Milk Sickness Affecting Milk Consumers.—The poisonous compound 

contained in plants causing the trembles in dairy cattle is eliminated in 

the milk and causes illness in the consumers. Milk capable of causing 

the disease may be secreted by an apparently healthy cow. In several 

cases recorded by physicians, persons who drank the milk became sick 

or even died before the cows showed any sign of the trembles. In human 

icings the symptoms are weakness, dizziness, and loss of appetite fol¬ 

lowed by nausea and persistent vomiting. There is pain in the region 

o e stomach. Thirst is great; the tongue is swollen and coated white* 

until dl'th Th ^ ‘"I' ff”0 Pr°gresses> coma develops and continues 
atllLnt ^ h,! mortality among human beings has been estimated 

. J pei cent. In nonfatal cases, recovery is slow. The weakness 
persists for weeks, and even slight exertion is very fatiguing. 

At. Collinsville, III., during October, 1935, eight members of one 

ami y manifested symptoms of poisoning.« Two died, and another was 
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in bed for many weeks. Chemical evidence indicated milk sickness. 

The family’s two cows had been pastured where white snakeroot grew. 

Outbreaks have usually occurred on isolated farms where the family 

has been drinking milk from one cow or, at most, a few cows. The 

disease has never been recorded as caused by mixed milk delivered in 

cities or larger towns. 

Symptoms in Animals.—The disease in animals runs a course anal¬ 

ogous to that in human beings. The earliest symptom is a disinclination 

to exercise. The animal is depressed, does not rise readily if lying down, 

or moves slowly when driven. With cattle, horses, or sheep, the animals 

usually affected, this stage is followed by the characteristic trembles, 

which may be the first symptom observed. 

Anthrax.—Anthrax, an acute infectious disease of cattle, is com¬ 

municable to nearly all warm-blooded animals and to man. It is caused 

by Bacillus anthracis, which is present in the tissues of infected animals 

and may be found in the circulating blood of animals in the later stages 

of the disease. Cattle usually contract anthrax by grazing on infected 

pastures, but in man the disease usually occurs from the infection of 

wounds in the skin by contact with infected animals or with their hides 

or blood. ... a 
The infection of man through milk is infrequent because the milk ow 

is usually lessened as a result of the fever that accompanies the disease; 

because animals (lie quickly after the disease becomes generalized; and 

because the premises are usually quarantined by sanitary i\ es oc 

S as soon as anthrax is reported, so that such milk is not liable to 

1,6 AntWbacilli are excreted through the udder only in the advanced 

stages after they have invaded the blood stream and when the udder is 

involved One^of the authors of this volume was concerned with an 

outbreak in a market-milk daily, which proved fatal to 160 cattle from 

a herd of 2-10. The herd was quarantined at the beg'nnmg1 °f n0 
break and no milk was taken from the premises. In this instance, 

cases were reported among the employees or among the consumer w 

had used the milk before the quarantine where cattle 
As is well known, the spores of anthrax survn e 1 ears. 

have died of the disease and may be a.source o^n ec ^ ^ pre_ 

Son" rSSatScars and should avoid the possibility of 

for bacterial invasions of the ud c i streptococci, staphy- 

"tsri=:c: il »-— 
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as the infecting organisms. Streptococcus agalactiae (S. mastitidis),.how- 

ever, is the organism most generally found in chrome mastitis. Although 

this organism is considered nonpathogenic to man, milk containing it 

may be abnormal in composition and therefore should not lie consumed. 

Streptococci causing septic sore throat and scarlet fever have alieady 

been mentioned as present in cows’ udders in some instances. The 

bovine “nonpathogenic” type of streptococci can be differentiated from 

the human pathogenic types by cul¬ 

tural studies in differential media. 

A staphylococcus infection of the 

udder may result in food poisoning it 

the milk is consumed. This poisoning 

results from the toxin elaborated when 

the organism grows in milk. In 

Pasadena, Calif., in 1934, 148 cases 

of food poisoning were attributed to a 

staphylococcus infection in raw milk 

from one dairy.41 

In recent years, there has been an 

increased interest in mastitis because 

of the development of laboratory 

methods for identifying the abnormal 

milk produced. Milk secreted from 

infected udders may first show clots of 

cells. As the condition develops, the 

milk may change in appearance and 

consistency and in certain instances 

may become thick. In severe cases, 

it changes character entirely and be¬ 

comes a straw-colored, watery fluid 

having no resemblance to milk. Any swelling, redness, or firmness of 

the udder tissue should be considered justification for separating cows 

so affected from the herd and excluding from human consumption milk 

from all quarters of the udder. This precaution is especially important 

if one is to prevent the organisms from being transmitted to other cows. 

Some state dairy laws and city milk ordinances require that the fore¬ 

milk, or first stream from each teat, shall be milked through a fine metal- 

mesh strain or dark-colored cloth into some, vessel other than the milk 

pail, for the purpose of detecting abnormal milk. Such milk must be 

rejected and not poured on the floor or gutter of the stable. If the milk 

from any cow is bloody, stringy, or in any way unnatural, it should bo 

rejected until it regains the appearance and other characteristics of the 
normal product. 

Fig. 6.—Strip cup used for detecting 
abnormal milk. The first stream of milk 
from each teat is milked into the strip 
cup through the fine mesh screen shown 
above the cup in the photograph. 
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Gastroenteritis.—An important source of infant mortality in past 

years has been the diarrheal diseases in summer. These disorders are 

due almost entirely to the contamination of milk with putrefactive 

bacteria such as those which originate from cow manure and hay dust. 

Manure is the natural source of Escherichia coli; and these, with Bacillus 

subtilus, commonly present in hay, are an ever-present source of putrefac¬ 

tive organisms in the dairy environment. These organisms reproduce 

rapidly in milk at temperatures between 60 and 80°F. When very 

numerous, they cause intestinal disturbance in infants. Before modern 

dairy sanitation and the pasteurization of milk were adopted, putrefac¬ 

tive bacteria caused hundreds of deaths among infants in cities during 

the first warm months of summer. Improved facilities for cooling milk 

on farms and city milk ordinances requiring milk to be kept cold during 

delivery have greatly reduced the danger to infants from milk as a cause 

of gastroenteritis. 
Miscellaneous Disturbances.—A product so important to human 

health as milk should be produced by healthy animals in which there is 

no abnormal condition that may influence its wholesomeness. Several 

conditions that may, from time to time, develop in dairy cows will 

influence the composition of the milk. 
Fever resulting from different causes may temporarily influence the 

general health of the animal. Such changes interfere with normal 

nutrition of the cow and with the secretion of milk and justify excluding 

the milk of such animals from the general supply. . 
Indigestion may occur among cows in market-milk dairies, partic- 

ularly when they are being forced to higher production by heavy feeding 

during the periods of scarcity of milk. The anatomy o the omasum of 

the dairy cow is such that a heavy grain ration or a lull ration of ne y 

divided feed such as clover or alfalfa leaves may cause impaction. T his 

milking stable is an added source of cont^ina*‘""h t undesirable in 
Septic wounds resulting from injury cause odors that am * 

market-milk production. Such injuries may1muq{ fljes> which 

inflicted by other animals, from snags, o A. of the udder. 

sometimes cause open wounds k w< < n material is exuded from the 
Not uncommonly, after dehorning, purulent material 

sinuses of the head as a result of infection. 
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Although the conditions mentioned above are temporary and do not 

menace the milk supply, cows so affected should be separated from t e 

herd in order to assure the health-control official that their milk is not 

through error being mixed with the milk supply of the dairy. In properly 

equipped dairies, separate stalls are provided for cows that are fresh, are 

going dry, or are affected with such conditions as those described above. 
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CHAPTER. V 
> 

SAFEGUARDING THE MILK SUPPLY 

For many years, health officials have attempted to minimize the 

danger of milk infections by requiring better sanitary conditions on dairy 

farms and in city milk plants. By encouraging clean milk production, 

protection and bacteriological examination of water supplies, elimination 

of diseased cattle, fly control, and attention to health of employees, they 

have accomplished a great deal in improving the safety ol milk to the 

consumer. 
The adoption of the pasteurization of milk by distributors throughout 

the United States has been the most important factor in minimizing the 

danger of milk infections. 

GUARDING THE HEALTH OF DAIRY CATTLE 

Market milk should originate only from animals that are free from 

disease and have normal udders. Dairy fanners should be interested in 

maintaining healthy animals for economic reasons and also to preserve 

the confidence of consumers in the healthfulness and wholesomeness of 

milk as a food. 

The diseases that may be spread to man through milk have been dis¬ 

cussed in the previous chapter. Progressive daiiymen will inform them¬ 

selves fully on methods of maintaining healthy cattle. Anyone who does 

not keep himself informed will find it increasingly difficult to dispose of 
his milk in the best markets. 

The Tuberculin Tests.—It is reported by the U.S. Public Health 

Service1 that 99.4 per cent of the total volume of market milk sold in the 

United States in 1936, in municipalities of over 1,000 population, was 

obtained from tuberculin-tested cows. Only by means of tuberculin 

can moderate cases of tuberculosis be definitely identified in the living 

animal. The use of this test as a diagnostic agent for cattle has become 

almost universal. Tuberculin, used for the subcutaneous test, is a 

concentrated liquid, usually glycerinated bouillon, on which tubercle 

bacilli have grown until the products of their multiplication have become 

imparted to the medium in sufficient quantity to inhibit their further 
development. 

In the preparation of tuberculin, after the maximum growth is 

attained, the cultures are sterilized by heat. After sterilization, they a re 
71 
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filtered to remove the dead bacteria, and the filtrate is then evaporated 

to the desired degree. The concentrated liquid is passed through a 

porcelain filter, standardized, bottled, and labeled for distribution. This 

treatment destroys all bacteria present and removes the dead organisms 

from the liquid so that tuberculin cannot possibly cause tuberculosis. 

The tuberculin reaction in the animal results from the products of growth 

of the tubercle bacilli in the medium and not from the organisms them¬ 

selves. Tuberculin in the dosage necessary to cause a reaction in 

diseased cattle is harmless for healthy animals. 

Some modifications are made in the preparation of tuberculin for the 

different methods of testing, but the general procedure for the growing 

of the cultures is the same. 
Standards to ensure uniformity in composition and potency of tuber¬ 

culins have been developed at the laboratories of the U.S. Bureau of 

Animal Industry in Washington. These standards are enforced thiough 

federal regulations which provide that all biological products, including 

tuberculin, entering into interstate commerce, shall be produced only 

under federal license and supervision. 
The Subcutaneous Test.—Tuberculin was invented by Koch in 1890 

and was first used experimentally in treating tuberculosis in man. 

Because its injection beneath the skin was followed by a rise ol tempera¬ 

ture veterinarians began applying it as a diagnostic agent for tuber¬ 

culosis in cattle. For many years, this subcutaneous test was the only 

one used. It consists in injecting 2 to 5 cubic centimeters of diluted 

tuberculin beneath the skin of the neck or shoulder. If an animal is 

tuberculous, the reaction is a rise of temperature between 8 and 20 hours 

afterward. The normal temperature of the animal is recorded before the 

injection to show whether the animal is in condition to receivei the. test 

After injection the temperatures are taken every 2 hours until the te. i. 

^TMadermic Test.-The intradermic test for detecting tuberculosis 

is n„d extensively in the United States, for the labor involved is 

much less than in the subcutaneous test. Two »r thjeed^pc of y 

DreDared tuberculin are injected into the layers of the skin, preterab y 

one of the folds beneath the base of the tail where the skin ,s soft and 

m'afpolice intradermic reaction is indicated by a swelling or. tWcken- 
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of milk sugar permeated with tuberculin is put under the eyelid. A reac¬ 

tion is indicated by a characteristic puslike discharge from the eye and 

may occur in 3 to 10 hours after the application. Some swelling and 

inflammation of the eye and lids are often noted. 

The ophthalmic test has considerable value as a check on animals that 

show only suspicious reactions to the subcutaneous or intiadermic test. 

Sometimes, a tuberculous animal that fails to react to the othei tests 

shows evidence of the disease upon the application of the ophthalmic 

method. 
The best results are obtained by using the sensitized test. This 

consists in two instillations of tuberculin, 2 or 3 days apart; the first one 

renders the eye more sensitive to tuberculin, and the second shows a 

more definite reaction. 

Reliability of the Tests.—The tuberculin tests are a valuable means of 

identifying a high percentage of tuberculous cattle. Animals may not 

react to the tuberculin test in the advanced stages of the disease, but in 

such cases physical symptoms will usually indicate ill-health. The 

reaction may not occur during the period of incubation of the disease; 

and therefore, when attempts are being made to eradicate tuberculosis 

from infected herds, a second test should be applied to those animals 

which passed the first test. In the eradication program carried out in 

this county by the U.S. Department of Agriculture, a third test is usually 

applied within 90 days after the second test, in an effort to remove all 

infected animals. Because cows that have once reacted to the tuberculin 

test may fail to do so subsequently, an animal once showing a positive 

reaction should be considered tuberculous and should not be expected 
in all cases to show subsequent reactions. 

This failure of tuberculous animals to react again is sometimes due 

to the inhibiting effect of the previous injection of tuberculin. Instances 

of the misuse of tuberculin for the “plugging” of tuberculous cattle so 

that they will not react has resulted in legislation in California restrict¬ 

ing the possession and use of tuberculin for cattle testing to licensed 
veterinarians. 

Some difficulties with the tuberculin tests may result from lack of 

care in observing the effects of tuberculin on the animal. In the sub¬ 

cutaneous test, one may fail to take the temperatures often enough to 

show the high point in the temperature reaction; in the intiadermic 

test, one may fail to inspect the point of injection at the proper 

"uaTfied.' " b° attemPted by those who are properly 

Maintaining Tuberculosis-free Herds.-Dairymen desiring to eradi 

cate tuberculosis should test the cows every G months until they fail to 

d reactors. 1 he test should then be applied once each yean This 
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procedure is recommended particularly when additional animals are 

being purchased or where surrounding herds are not being tested. 

Herds are usually tested once each year as a precaution against the 

possible introduction of the disease; when, however, swine and poultry 

as well as cattle are free from tuberculosis, the time elapsing between tests 

may be longer. 

CONTROL OF BANG’S DISEASE (Brucella abortus) 

Blood-agglutination Test.—This test, the one most commonly used, 

is based on the fact that in the blood of infected animals are agglutinins, 

products formed in the body as a reaction against the infecting organisms. 

Agglutinins, when brought into contact with the particular germ responsi¬ 

ble for their production, tend to clump, or agglutinate, these organisms. 

The reaction may be observed either on a glass plate or in a test tube. 

The cow’s blood serum is mixed with a salt-solution suspension of the 

bacteria in a test tube. This suspension, called the “antigen,” has a 

standard degree of cloudiness due to the suspended Brucella organisms. 

Four dilutions of serum and antigen are made in the routine testing ol 

the blood of each animal in the proportion of 1:25, 1:50, 1:100 and 1:200. 

The tubes, having been incubated for several hours or overnight, are then 

removed to room temperature and observed for agglutinations at 24 and 

48 hours. Changes in the degree of original cloudiness or signs ot settling 

are considered in recording results. Complete clearing, with settling of 

the organisms to the bottom of any of the tubes, is considered a positive 

eaetion No change in cloudiness of any tube is considered a negative 

reaction, and so is alight agglutination in the 1;25 dihttioii d llhe othe, 

cows in the herd were negative tcrthe ^ be considered 

1:T^ of ^“^agglutination test is useful and satis- 
Rehability of the Test, lhe <Wg been affected with Bang’s 

factory for detecting cows that are m h^ ^ ^ ;nvariably 

disease. According to Hayes, Positively reacting animals 

mi; Z™- szi:0iTnoZJ:L, ^/z'rriz sz 
ssjke. ~ ^.—- 

5- gar*; r.s: 
i isir.- - —- - 
that had been tested for Bang’s disease. 
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Maintaining a Bang’s-free Herd.-When the percentage of ten,•tors 

in a herd is low, it is usually more economical to dispose ol all reactors 

rather than to keep reacting animals separated, unless there is some 

special reason, as in purebred herds, to save valuable animals for breeding. 

To eradicate Bang’s disease, blood tests should be made every 2 

months as long as reactors are found. After all the animals of breeding 

age have given one or two negative tests, the interval ol testing may be 

lengthened to every 3 or 4 months. 
When a dairy herd is free from Bang’s disease, every precaution 

to prevent infection should be taken. Hayes- makes these geneial 

recommendations: 
1. All animals of breeding age should have a blood test at least every 

6 months—more frequently if there is any suspicion of the disease. 

2. Every abortion and retained afterbirth—and these may occur in a 

negative herd—should be handled as if caused by a specific infection. 

Every such case should be proved negative to Bang’s disease by the 

blood test before the animal returns to the herd. A second test in 

about 6 weeks is an extra safeguard. 

3. Instead of buying cows to replenish the herds, raise the heifer 

calves. When mature cows are added, it is best to secure first-call 

heifers from a herd free from Bang’s disease. All newly purchased 

animals, including bulls, should give a negative test at the time of pur¬ 

chase, should be quarantined for from 4 to G weeks, and should be 

tested again before being kept in the herd. 

4. Animals should not be exchanged for breeding purposes except 

between negative herds. 

5. Special precautions should be taken to prevent infection when 

animals are being shown at state and county fairs. 

6. No milk that has not been properly pasteurized should be brought 

to the premises for any purpose. 

7. Dairymen should not assist neighbors in attending to their aborting 

cows and cows with retained afterbirths. 

Calfhood Vaccination.—On certain farms where it has been impossible 

to carry out the above precautions the practice of calfhood vaccination 

has been found to be beneficial. A veterinarian may be employed to 

inject the calves with vaccine produced under U.S. Bureau of Animal 

Industry license. This vaccine consists of a suspension of living Brucella 
abortus of low disease-producing power. 

An objection to the use of the vaccine is that it causes animals to 

react positively to the blood-agglutination test. In older cattle these 

agglutinins may persist for years, but in calves they usually disappear in 

a lew months. At present, the government requires that eveiy bottle 

be labeled with the following statement: “Recommended only for the 
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immunization of calves from four to eight months of age against bovine 

abortion.” 

SAFEGUARDING THE HEALTH OF EMPLOYEES 

The diseases that may be transmitted to man through milk have been 

described in Chap. IV. Persons who have recovered from certain 

diseases may still transmit pathogenic organisms to milk even though 

the symptoms have disappeared. Since such carriers may endanger a 

city milk supply, health officials desire that persons in close contact with 

milk and its containers should be free from disease and from the patho¬ 

genic organisms capable ol being spread through milk. 

Although some health departments require a physical and laboratory 

examination of food handlers, physicians are not agreed on the success 

of such a procedure, for some health certificates have been issued without 

a complete examination. Furthermore, a health certificate does not 

ensure the continuation of health. Repeated examinations are necessary 

to identify carriers of certain diseases, for the organisms may not be given 

off in the body discharges at the time of the first examination. There 

is therefore some question as to the value of requiring all employees of a 

dairy establishment to furnish a health certificate. 
According to public-health statistics, pathogenic bacteria are more 

prevalent in raw milk than in pasteurized; and ungraded raw milk not 

subject to regulation carries such infection more commonly In^ 1935 

there were 43 epidemics of milk-borne diseases m the United States. 

In all but 5 of these, raw milk was involved. Of the 5 cases fiom pas 

teurized milk, 1 was suspected of being mixed with raw milk and i 

other 4 of being improperly pasteurized.3 Denartment of 

review of each person s histoiy. establishing the source of 

'Some authorities useU ai^ ^ readily and cheaply 

the outbreaks. Admitted y, ^ , indicator of their presence, 

detected when the public hea economy. If the carrier can be 

but this is not considered a ]• development of new cases and 
detected before an epidermcoccu ,J ^ associateas suggest from their 

new carriers is avoide . px ‘nations should be made a routine 
experience that certain a ora oy - handler if an acceptable efficiency 

part of a physical — at.on of* n"n ^ witW milk is to be 

in detecting earners and reir b 

attained. 
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Medical Examinations Required for Certified Dairies/’—Since eerti- 

fied-milk regulations are considered as the ideal for raw-milk production, 

the requirements of the medical, milk commissions for medical examina¬ 

tions of employees on certified dairies are listed below: 

Every person to be employed in the dairy dormitories, 01 boarding house in 

any capacity whatsoever shall be examined by the Physician and be in receipt 

of a medical examination report card before the employee may begin work. The 

examination shall include: (a) history, if any, of enteric fevers of the person being 

examined and of those with whom he resides; (6) Widal agglutination test; 

(c) feces cultures for organisms of typhoid, paratyphoid, and dysentery; (d) nose 

and throat cultures for the organisms of diphtheria, septic sore throat and scarlet 

fever. A positive finding in any one of these tests shall exclude the applicant 

from employment. 

If, on the basis of the history and result of agglutination test, the examining 

physician in any instance considers that there is reason to suspect that the 

individual may be a carrier of the organisms of typhoid fever or other enteric 

infection, he shall take a sufficient number of specimens at proper intervals for 

laboratory examination to insure that the individual is not a carrier. Satisfactory 

evidence of recent successful vaccination or immunity against smallpox shall be 

presented. All members of the families of employees on the farm and other 

contacts shall be under the supervision of the Physician. New employees should 

have the feces examination repeated in from 30 to 00 days after beginning work. 

Persons employed in the milking stables, dairy building and boarding houses 

shall have the above medical examinations repeated at least once every year. 

At other times the Physician shall conduct such medical examinations of employ¬ 

ees or other persons on the farm as he thinks necessary and have suitable labora¬ 

tory tests made whenever it is deemed advisable. He shall see that fresh and 

reliable specimens are furnished to the laboratory. All examinations shall be 

conducted by laboratories and physicians appointed and approved by the Com¬ 
mission and satisfactory to the health authorities. 

Because of the expense involved, not all raw-milk dairies can be 
expected to meet this standard. 

Certified Milk. Certified milk is the product of dairies operated in 

accordance with the methods and standards adopted by the American 

Association of Medical Milk Commissions of New York City and under 

the direct supervision of local medical milk commissions. 

Only milk produced in accordance with these methods and standards 

^ da™s apProved by the local milk commission shall be labeled 

, er 1 ed ,Mdk- A medl°al milk commission may be appointed by a 
lecognused state, county, or city medical society or by public-health 
officials designated by them. 

Certified milk was originated by the medical profession. In 1893 

fedwTsuppWof Iewark’ f°rmulated a P‘an t0 obtain for infant 
1 y ’ feafe> pure> wholesome milk. In accordance 
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with this plan the Medical Society of Essex County, N.J., appointed a 

medical milk commission which entered into contract with a dairyman, 

Stephen Francisco of Caldwell, N.J., who was willing to produce this 

milk. The name “Certified Milk” is copyrighted. 

Certified milk has retained a position of leadership in the production 

of clean milk from healthy cows, and it has exerted an influence far 

greater than the volume of its sales may indicate. 

The Role of the Laboratory in a Rational Program for Examination of 

Milk Handlers.—The small dairy handling raw milk for a few families 

is not easily controlled, and ensuring the safety of such milk supplies 

must be considered a difficult public-health problem. 

Proper pasteurization would seem sufficient protection provided 

that a complete physical and laboratory examination is made of those 

employees concerned with the pasteurization, cooling, bottling, capping, 

and distribution of the milk. A well-organized program will include 

adequate inspection and plant control to assure the management and 

health officials that these procedures are properly carried out. The 

same requirements would apply to employees handling other milk prod¬ 

ucts in the milk plant. 
If such examinations are limited to persons more directly in contact 

with the milk, the protection would probably be greater from a public- 

health standpoint than would be possible, with existing facilities, if a 

larger number of employees were included. 
If the health of all persons employed is to be supervised, new employees 

might well be required to pass a complete physical and laboratory 

examination and to be certified by a physician acceptable to the health 

departments. Future examinations may be required only in cases oi an 

outbreak or in case the health of such employees is under suspicion. 

The requirement of a physical and laboratory examination oi milk 

handlers improves the attitude of the employees toward health and its 

relation to a safe milk supply. 

PROTECTION OF THE WATER SUPPLY 

Because human excreta are a possible source of typhoid fever ^ra- 

typhoid fever, and dysentery, every precaution should be taken to 

prevent such contamination of the water supply. 1 athogenic oigannims 

rom this source not only survive in milk but reproduce them under 

favorable conditions and even become a serious menace to human health, 

- importance of a pure 

usuaH^'free from'pathogenic bacteria because of the regular supervision 
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provided by the health department. In pumping from wells on the 

premises, the operator must be certain that there is no contamination 

from cesspools, which in times of flood or back pressure from high water 

may force sewage back into the wells and cause a milk-borne epidemic. 

Water stored in tanks should be covered to exclude contamination 

during storage. Private water supplies for dairy plants should be sampled 

at intervals and submitted to a laboratory for a sanitary analysis. 

Water Supply for the Dairy Farm.—Water supplies on dairy farms 

endanger the milk if care is not taken to avoid pollution by human wastes 

containing pathogenic bacteria. 1 he most probable dangei i^ the 

insanitary privy or excreta deposited in other places. 1 ollution liom a 

privy vault may occur through gravel strata beneath the surface ol the 

ground through which the sewage seeps to a lower point and reaches a 

surface well pit. Such seepage may also occur through fissures in soil 

or rock leading from a privy vault into the well. 

The location of the well is an important consideration. When feasible, 

wells should be located at a point higher than that used for the disposal 

of sewage. Where the ground is level, the distance between the two, 

for proper location, would vary according to the type and porosity of 

the soil, the depth of the ground water, and the draft of the well. In 

sandy soil a well should be at least 100 feet from any source of contamina¬ 

tion.7 In clay soils, this distance may be somewhat reduced with safety; 

but in rock and gravel formations the purification of sewage is greatly 

reduced, and the distance of the well from contaminating sources should 

be at least 200 ft. According to Klein,8 a well drains an inverted cone of 

land, the top surface of which is four times as wide as the depth of the 

well. This rule would not apply to deep wells, whose casings are not 

perforated above the impervious clay strata. 

A dug well or a spring on a dairy farm should be properly located, 

enclosed, and covered to protect it from surface drainage and contamina¬ 

tion. The important principle in protecting the farm water supply is 

the proper disposal of human wastes to avoid contamination of the water 

through seepage and the proper location of stables and barynards to 

prevent manure’s being washed toward the water supply by rain water. 

Sewage Disposal.—Because they are usually connected with the 

municipal sewer system, city milk plants have no problem in respect to 

the disposal ol human wastes. At country milk-receiving stations and 

on dairy farms, however, such facilities are not usually available, and 

special arrangements must be devised by the owner. 

In country receiving stations, there are two types of sewage: human 

excreta and dairy-plant waste. The safest program for disposing of 

human excreta is to construct a septic tank large enough to care for the 

toilet drainage lor the number of persons employed in the plant. Since 

♦ 
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the country receiving station may serve as an example in sanitation for 
the dairy farmers who deliver their milk to the plant, well-kept patent 
toilets with septic-tank connections are desirable. 

Floor washings from the milk-handling rooms may also be disposed 
of in the septic tank, if the capacity will accommodate them, or separately 
in a cesspool, or by other means described in Chap. VIII. 

On dairy farms the ideal method of disposing of sewage is the use of 
the septic tank. This can be constructed inexpensively and, when 
properly installed, will require very little attention. It cannot be relied 
upon to purify sewage; the effluent is not much less dangerous than 
sewage that enters the tank, but it can be much more readily disposed of 
in a thoroughly safe manner. The flush toilet and septic tank reduce the 
fly hazard, for they offer no opportunity for the flies to come into contact 

with raw sewage. 
The Flyproof Privy.—Although septic tanks are to be preferred for 

sewage disposal and are being more generally used in rural sections, one 
can dispose of human waste by less expensive methods and give the 

necessary protection to the milk supply. 
A privy vault on a dairy farm should be so constructed that flies will 

be excluded from contact with excreta. Even when such toilets are 
properly constructed, care should be exercised to prevent caving ot the 
soil around the exterior of the structure; otherwise, there will be an 
opening to the toilet vault for the entrance of flies. The construction oi 

flyproof privies is described in Chap. II- 

FLIES AND THEIR CONTROL 

The housefly is not only disgusting in its habits but is positively 
dangerous to health. The fine hairs on its proboscis and the bristles and 
sticky spring pads on its six feet collect filth that may be deposited on 
the utensils and in the milk when they are attracted to the milk room at 
milking time Flies have been mentioned as one of the carneis o m <s 

naUnfections from human beings to milk. Human excreta also attract 
them - and if the privy vault, often used on poorly equipped dairy fauns, 
L not protected/their bodies may become contaminated with infective 

maLife History.-The female fly lays 75 to 125 eggs in the crevices of 
. i • , tu stalls where manure and urine fall, 

warm, moist horse manuie, m the sta . refuse. She also 

the miuung subie 

- S SSTJSi: 
This migration away from 
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their breeding place is important in determining the interval at which 

manure should be removed. After a day or two the larva shrinks and 

becomes an inactive chestnut-brown pupa. In this stage, it develops 

its wings and legs and all its other parts. This process requires 4 or 

5 days during warm weather, and then the fly pushes its way out and is 

soon ready for its lifework. Under the most favorable conditions, it 

requires 9 or 10 days to pass through its entire life history; but tempera¬ 

ture affects the length of the various stages considerably, and the average 

may be 14 or 15 days. 
Disposal of Manure.—In attempting to control flies, one should first 

consider the disposal of manure. During favorable seasons, it may be 

spread on the fields each day; this procedure prevents the development 

of flies even though the eggs are already present. Horse manure offers 

a more favorable breeding place than does cow manure, and its proper 

disposal must be included in a control program. In warm climates, flies 

will breed in a thick layer of droppings in the cowyard. Where dairying 

is a major enterprise and many cows are being kept in small enclosures, 

a brush drag should be used to spread the droppings in thin layers so that 

they vail dry quickly and prevent the fly larva from developing. (Moist 

earth around the dairy buildings may be treated with chloride of lime, 

also.) Other breeding places for flies are moist grains, mash, or ensilage 

that may accumulate in the stable or around the dairy. 

Where animals are kept, it is almost impossible to control all breeding 

places for flies, but methods may be undertaken to reduce their numbers 

around the dairy buildings. 

Flytraps.—Fly traps may be used, though only as supplements to the 

control methods already discussed. The trapping is of greatest value 

early in the spring, when the destruction of even a few flies means the 

curtailment of the number that may develop later. One may purchase 

many different types of flytrap, or one may use a homemade trap such 
as is shown in Fig. 7. 

Bait is necessaiy to attract the flies into the trap. Although milk 

containing sugar may be used, the most effective lure is blackstrap 

molasses, one part mixed with three parts of water and allowed to stand 

2 or 3 days.9 Baits should be placed in large shallow pans beneath the 
traps and should be frequently renewed. 

Fly Poisons. There are many kinds of fly poison in use, notably the 

proprietary cobalt and arsenical solutions. These often involve con¬ 

siderable danger to children and to domestic animals. Formaldehyde 
(formal,n) ,8 a very good substitute. This chemical, purchased in a 

f to 40 per cent solut.on, should be diluted to a 1.5 to 2 per cent solution 

for use as a fly poison. Two or 3 teaspoonfuls of concentrated (38 to 

40 per cent) formaldehyde ,s used to 1 pint of a mixture of water and milk 
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in about equal proportions, with a small quantity of sugar or molasses 

added to sweeten. 

The formaldehyde solution has its best application when poured over 

a small sponge placed in a shallow pan in the milk room. It is most 

effective when all sources of water are eliminated. 

Sodium salicylate dissolved in water to make a 2 per cent solution 

may be used in the same manner as the formaldehyde solution, with 

similarly good results. 

Lid 
8"square 

/ "x i '/■> Pos is 

Circle for cone 
9" diameter 

Fig. 7.—Fly trap. 

Electric Fly Killers.-Electnc fly kil ers <M parallel 

used in controlling flies around dairy buddings. 1 hese 

wires close together and charged with current. 

PASTEURIZATION 

When milk is produced under proper sanitary‘“pS 

of contamination is considerably i ** many dairy farms supplying 
sible to control the technique folloi health of pcop|0 

milk to be used for market milk in cities oi to 
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coming in contact with milk and the health of cattle producing it, many 

officials have been opposed to the distribution of milk that has not boon 

properly pasteurized. , 
The pasteurization of milk, properly carried out, destroys all pat ho¬ 

genic organisms that may be present. The milk-borne organisms causing 

tuberculosis, typhoid fever, scarlet fever, streptococcus sore throat, and 

diphtheria and those causing the diseases of animals are destroyed at the 

temperatures specified for commercial pasteurization. 1 he effect ol 

heating milk at different temperatures for different lengths of time 

has demonstrated that all pathogenic organisms are destroyed at 

140°F. for 20 minutes. This is the minimum temperature specified by 

any milk ordinance or dairy law for pasteurization, but the legal time 

of holding is 30 minutes to allow for possible errors. 

In 1931, 87.5 per cent of the milk sold in cities in the United States 

having a population of 10,000 or more was pasteurized.10 1 he American 

Association of Medical Milk Commissions in 1935 added a provision to 

its regulations, permitting the pasteurization of milk produced on certified 

dairy farms at the option of the operator and of the milk commission 

concerned. 

Pasteurization is considered the cheapest safeguard for protecting the 

health of the community against milk-borne diseases. 
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CHAPTER VI 

SANITARY PRODUCTION OF MARKET MILK 

The ideal in sanitary market-milk production should be to secure a 

product with a low bacterial content, free from visible dirt and pathogenic 

organisms, and produced on clean, attractive premises. The producer 

should realize that he is handling a food product indispensable in the 

nutrition of infants and invalids and that milk is an ideal medium for 

bacterial growth if it is not produced and handled under proper conditions. 

FOUR ESSENTIAL FACTORS IN THE PRODUCTION OF MILK 

OF LOW BACTERIAL CONTENT 

Ayers, Cook, and Clemmer,1 working in the Dairy Division of the 

U.S. Department of Agriculture, conducted a carefully controlled experi¬ 

ment on the factors essential in the production of milk practically free 

from visible dirt and low in bacterial content. They found .the four 

essential factors to be: (1) clean cows, (2) small-topped milk pails, 

(3) sterile utensils, and (4) prompt and efficient cooling. Other factors, 

such as the prevention of contamination with pathogenic organisms and 

the maintenance of conditions suitable for the production of a food 

product, are necessary in the production of acceptable market milk. 

However, they are not essential for the production of milk practically ree 

from visible dirt and low in bacterial content. 
Healthy Cows.—The cow is the starting point in the production oi 

clean, low-count milk. As was shown in Chap. Ill, the udder is not an 

important source of bacteria in milk unless a pathological condition exists. 

Normally, milk contains comparatively few bacteria at the time it is 

<lTy COW with a physical disability such as inflamed or defective 

udders or teats, a lumpy jaw, running sores, or enlarged glands shoul o 

isolated and her milk not mixed with the regular herd product. \\ hei 

the milk is sold raw, the cows should be free from tuberculosis as shown 

bv the tuberculin test. Milk-control agencies now require that all cons 

in market-milk herds be tested regularly with “ J'prXflng 
removed. In some cities the regulations require also that cows proc 

£ Sc" dirty cows. If 
Clean , *1 f pow are soiled with manure, 

o^tur; considerable extraneous material will fall 

84 
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into the pail. Ayers, Cook, and Clemmer1 found that when cows were 

clean and the udders and teats washed and dried the average bacteria 

count of the milk was 2,154 per cubic centimeter, whereas with dirty 

cows, other conditions being the same, the count was 17,027 per cubic 

centimeter. Small-topped milk pails were used in both cases. 

There is usually little quantitative relation between the bacterial con¬ 

tent of milk and the visible dirt demonstrated by means of the sediment 

Fig. 8.—Clean cows are essential in the production of acceptable^market milk T 

53^Z td 8UmmCr 
sufficient during the winter months, (iCourtesy of Arden Certified ^Farms')****' ' 

conton^ in ’ f , ° extra,leous materia> varies greatly in bacterial 
content Allen, working on a series of 50 samples of fresh cow feces 

nd the plate counts to range from 160,000 to 634,000,000 per gram’ 

Other investigators1 found the average for a series of 57 simpfes of 

690 0000M CeTh° 49'645’614 Per glam with a of 2,900 000 
690 000,000. rhe same investigators found that manure contamination 

as not a usual cause of abnormally high bacterial count TT- , 

could usually be traced to unsterilLduten“7r to growth O, C°U 

consider, however, that a considerable quantity of villTdh-t i^lly 
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accompanied by numerous bacteria which are undesirable types because 

of their origin and because of the changes they cause when grown in milk. 

The consumer is not interested in milk that contains visible dirt or sedi¬ 

ment, nor should the producer be satisfied even if the dirt has been 

removed by straining, clarifying, or filtering. 

Before each milking, the cows shoidd be groomed to remove the loose 

hairs, dandruff, dust, manure, soil, or other accumulations from their 

bodies. The grooming should be completed at least half an hour before 

milking in order that an excessive quantity of dust will not be in the 

stable air. In addition, the udders and teats should be washed with a 

wet cloth and dried with another cloth that has been rinsed in and wrung 

from clean water. If the udder and teats are not dried, dirty water may 

fall from them into the milk pail; and the moisture may cause the teats 

to become chapped and cracked during winter weather. The clipping 

of the flanks, udder, belly, and tail facilitates washing and grooming. 

It also improves the appearance of the herd. In temperate climates, 

dairymen can use a hose for washing the cows during both summer and 

winter. In colder climates the cleaning of the udder with a cloth and 

warm water may be sufficient. 
Small-topped Milk Pail—Most of the dirt or sediment that enters 

milk drops from the body of the cow during the milking process. The 

use of the small-topped milk pail will keep out at least 50 per cent ol such 

dirt. Ayers, Cook, and Clemmer1 studied the influence of such pails on 

the bacterial content. Their data are shown in lable 27. 

Table 27.—The Influence of the Small-topped Milking Pail on the Bacterial 

Content of Milk 

Conditions 

Bacteria per ml. (average) 

Open pail Small-topped pail 

22,600 

6,166 

4,949 

17,027 

2,886 

2,677 

Cows dirty, utensils sieruiztu. 
Cows dirty, udders and teats washed, utensils sterilized 

Cows clean, udder and teats washed, utensils sterilized 

When cows are milked with milking machines, a small-topped nnlk 

pail should be used for stripping. .... f.„. ti1P nroduction 
Clean cows and a small-topped pail are necessary 

of milk with the minimum amount of sediment. 
Straining Milk on the Farm.-The visible extraneous matte* int o 
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most cases, however, the milk should be strained on the farm as soon as 

it is removed from the stable and before it is cooled. On reaching the 

city milk plant, it is usually treated 

again for the removal of sediment; 

the procedure is described further 

in Chap. XII. Some milk-control 

agencies have discouraged the use of 

cloth strainers when proper facilities 

are not available and used in caring 

for the cloths. The single-service 

sterilized cotton strainer pad shown 

in Fig. 17 is very satisfactory for 

straining milk on the farm. 

Sterile Utensils.—The use of prop¬ 

erly sterilized utensils is the most 

important single factor in producing 

milk with a low bacterial content, as 

has been shown by Prucha, Harding, 

and Weeter.3 Similar results were 

secured by Ayers, Cook, and Clemmer,1 whose data appear in the 

following table: 

Table 28.—The Influence of Sterilized Utensils on the Bacterial Content 

of Milk 

Bacteria per ml. 

Conditions (average) 

Sterilized utensils. 31,040 

Not sterilized, washed directly after milking.-. 660,520 

Not sterilized, held 8 hr. before washing. 1,667,000 

It wall be noted that the delayed vrashing of utensils resulted in a 

laiger bacterial count than was observed when the utensils were wrashed 
immediately. 

The utensils should be rinsed in cold or lukewarm water immediately 

after milking and then brushed thoroughly on all surfaces with a washing 

solution heated to a temperature between 100 and 120°F. Finally, they 

should be rinsed in clean water and then sterilized. “Sterilization” of 

dairy equipment usually refers to the destruction, either by heat or by 

chemicals, of the bacteria in vegetative form remaining in the equipment 
after washing. 

Undesirable groups of bacteria are introduced into milk from unsteril- 

ized utensils. Ayers, Cook, and Clemmer,1 having separated the bacteria 

groups as described on page 39 obtained the following data: 
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Table 29.—The Influence of Unsterilized Utensils on the Types of Bacteria 

in Milk 

Bacteria groups 

Acid 

coagu¬ 

lating, 

per cent 

Acid, 

per cent 

Inert, 

per cent 

Alkali, 

per cent 

Pepto- 

nizer, 

per cent 

Milk from udder. 46.21 37.25 9.41 0.45 6.45 

Milk from sterilized utensils... 25.81 39.22 25.51 0.71 8.75 

Milk from unsterilized utensils 11.54 16.99 31.55 14.14 25.79 

Washings from unsterilized 

cans. 0.39 1.85 11.64 19.24 66.87 

As the table shows, a larger proportion of peptonizing bacteria is 

found in milk when unsterilized utensils are used. 

Sterilizing Dairy Utensils on the Farm. The Use of Hot Water.—Hot 

water may be used for sterilizing dairy utensils if steam is not available. 

In that case the minimum exposure should be 170°F. for not less than 

20 minutes. It is more satisfactory, however, to immerse the equipment 

in boiling water for not less than 5 minutes, drain the utensils foi a biitf 

period, and place them in such a position that they will be left dry. The 

few bacteria remaining on the surface after “sterilization” will multiply 

if the utensil is left moist. Another reason for diying is to prevent 

rusting. 
The Use of Steam.—Steam sterilization is the most satisfactory to use 

for a market-milk dairy. Steam not under pressure has a temperature 

of 212°F. When steam is confined in a closed container, pressure 

develops:'and as the pressure increases, the temperature of the steam 

rises. At 5 pounds pressure the temperature is 227°F., and at 15 pounds 

pressure it is 240°F. Steam, to be effective in sterilizing dairy equip¬ 

ment must be confined to eliminate the cooling influence of air. 

The Farm-type Sterilizer.—The most economical procedure used on 

the daily farm is the farm type of sterilizer shown in Fig. 10 a galva- 

nized-iron tank provided with a tight-fitting top to confine the steam in 

contact with the utensils. A small volume of water in the bottom of the 

tank is heated by different methods, depending on the fuel available. 

Electricity gas, kerosene, gasoline, coal, or wood may be utilized as a 

“f heft for generating the steam. Where powe-ates are = 

oUU the electric sterilizer is the most satisfactory. Fanall and Moses 

of sterilizing 00 pounds of “ 

electrically heated sterilizer to average between 4.8 and 5.8 cents p 
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sterilization, with electric energy costing 2 cents per kilowatt hour. 

When kerosene is used, the cost per sterilization is approximately 4.1 

cents, with kerosene costing 16 cents per gallon. Farm-type sterilizers 

are utilized in heating water both for washing and for sterilizing utensils. 

The temperature of the water is raised in the boiler until sufficient for 

washing purposes. The water for washing is then drawn off, a small 

amount being left in the bottom of the equipment. The utensils arc 

placed in the sterilizer over a false bottom to hold them above the water, 

the cover is placed in position, and the water is heated further to boiling. 

The steam escaping from the boiling water raises the temperature 

\ 

Fig. 10— A self-contained utensil sterilizer for a 30-cow dairy that uses 3.5 kilowatt-hours 
per day. 

within the sterilizer to 212°F. or higher. After 20 minutes the fuel or 

energy may be discontinued, the cover removed, and the utensils drained 

and allowed to dry. The economy in operating the farm-type sterilizer is 

governed by (1) the amount of water to be heated and vaporized, (2) 

the amount of equipment sterilized at one time, (3) the length of the 

steiilizing period, and (4) the relative cost of enenrv. The ndvrmtno-n of 
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satisfactory, however, for milk pails and cans. (2) The steam may be 

introduced into a closed container in which the steam may bo under 

pressure, as in the autoclave-type sterilizer, or under no appreciable 

pressure, as in a sterilizing cabinet. 

Electric Stea7n Boilers.—Electric steam boilers recently developed 

are satisfactory where electrical energy is available at a low rate. Two 

types are available: (1) the instant type, where the steam is generated 

as desired; (2) the accumulator type, in which water is heated during 

the day and is available for the production of steam when it is needed. 

The first type requires a high wattage, the second a low wattage Figure 
u Shows the instant steam generator, and Fig. 12 the accumulator type. 

Electric steam boilers have two advantages: the 6re is mlm; , 

and they are simpler for unskilled men to operate. The heating un ts 

should be cleaned at regular intervals to avoid the accumulation of sa s 

'chemical^Sterilization.—When properly used, this will give good 

results The equipment must be clean and free from all milk and otae 

organic material, and the stc-tulizin^siolritioii^naust^Voe^of^prop^r^fs 

Some states do not acccp 0 use preparation of 
for heat sterilization of dairy utensils. The use and P 

chemical sterilizing solutions are described in «“!>. X ’ with the 

Milking Machines.-Exper.ence hha%s""*^a" produced 

aid of machines may be as ow in rac e provided that proper 
with the most scrupulous care in hand milking, provid 
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methods of cleaning, sterilization, and operation are carried out. Few 

however have used milking machines without occasional irregulan ... 

!„ the bacterial content. The cause has usually been improper cleaning, 

sterilizing, and operating rather than any fault of , 
One common objection to milking machines has been the belli tin 

the udders of the cows were injured and that milk production was 

decreased. In recent years, numerous workers have reported in 

Fig. 12.—An electric steam boiler of the accumulator type. (Courtesy of Wesix Electric 
Heater Co.) 

modern types of milking machine, properly operated, have no such ill 

effects. 

Cleaning Milking Machines.—Immediately after milking, the surfaces 

of the rubber parts of the machine should be rinsed before the milk 

solids have dried onto them and become difficult to remove. 

Cold or lukewarm water should be used for this first rinse; for hot water 

causes the milk proteins to adhere to the surfaces of the rubbers, making 

proper cleaning difficult. The best practice is to include this cold rinse 

as a part of the milking procedure and to draw 1.5 to 2 gallons of clean 
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cold water through the machine by vacuum immediately after the last cow 

has been milked. An airbrush effect can be secured by lifting the cups 

alternately out of a pail of water and immersing them again while the 

vacuum remains connected. Machines that do not have long milk 

tubes and claws cannot be so rinsed and should therefore be taken to the 

milk house immediately after the last cow has been milked; there the 

rubbers should be disconnected from the pail and placed in a tank or 

pail of cold water. 

> * X 

Fig. 13._A11 parts of the milking machine should be thoroughly brushed with washing 
solution before sterilization. 

Hot water between 105 and 170°F. should next be drawn through the 

machine by vacuum. This second rinse of 1.5 to 2 gallons of water is 

used to remove the remaining milk. The water should be drawn through 

the machine by continuous rather than intermittent suction. If no 

vacuum connection is available in the milk house, a vacuum may be 

drawn on the pail in the stable after the cold-water rinse, and he pa 

then removed to the milk house, where hot water may be drawn tlnoug 

the rubbers by the vacuum remaining in the pail. 
The hot water rinse is very important in cleaning milking machines 

because it removes most of the adhering milk fat. At the temperature 

u2d for terSzation, rubber quickly absorbs any fatty sutetancetmd 

its tensile strength is thereby reduced. In consequences, as two 
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gators5,6 report, the life of the rubber parts is materially shortened when 

the hot rinse is not used. 
After the milk has been thus removed from the surfaces, the remainder 

of the cleaning process may be delayed without detriment. 

Brushing the rubber parts is the third step in the proper cleaning of 

milking machines. For this purpose a two-compartment washing and 

rinsing vat is recommended, and warm water containing washing powder 

should be used. With the claw-type machines, the short milk tubes and 

short air tubes should be disconnected from both the claw and the metal 

teat cups, and a brush passed through them after each milking. The 

teat cups and the long milk tubes should also always be cleaned with 

brushes of appropriate sizes. 
Metal cleaners, resembling ramrods with a bur at one end, may be 

used instead of brushes in cleaning the long and short milk tubes and are 

especially useful if the brushes have been permitted to become worn or 

have not been kept in a sanitary condition. 

With some types of machine the inflation rubbers should be removed 

from the metal casings after each milking; with others, this may be done 

once a week, when the insoluble material that may have accumulated 

around the ring may be removed and the inflation rubbers trimmed to 

the proper length, if necessary, and reversed in the metal casings. In 

any case, the insides of the inflation rubbers should be thoroughly brushed 

and washed after each milking and should then be rinsed in clean, warm 

water to remove the cleaning solution. The metal parts (that is, the 

head, claw, and pail) must also be thoroughly washed and brushed after 
each milking. 

A uniform daily procedure in cleaning milking machines will facilitate 

the work and ensure a thorough cleaning. 

Sterilization of Milking-machine Rubber Parts.—Sterilization is the 

next and most important step in producing milk of low bacterial count 

when milking machines are used. The metal parts are easily sterilized 

by steaming them in a sterilizer or immersing them in boiling water. 

Rubber tubes and inflation rubbers, however, will deteriorate rapidly 

when held at a high temperature for a long time. The authors7-8 have 

investigated both heat and chemical sterilization in respect to the effi¬ 

ciency and reliability of the two methods in destroying bacteria and the 

effect on the life (period of usefulness) of the rubbers. 

Heat sterilization by the method described below gave somewhat lower 

bacteria counts, but the life of the rubber parts was shorter than when 

chemical sterilizers were used. Place the rubber parts in a tank provided 

ui h a cover (L ig. 14). Heat the water by steam or by placing the tank 

on a stove Heat the water to 185°F. to kill the bacteria. Then without 

applying further heat, allow the rubbers to remain in the water for 
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20 minutes before draining the tank. Be sure to draw the water from 

the tank after 20 minutes to avoid injuring the rubbers. Leave the rub¬ 

bers in the covered tank until the next milking, or hang them in a refrig¬ 

erator or in the milk room where they will be protected from flies and dust. 

Do not use a temperature much below 185°F., and do not leave the rub¬ 

bers in the warm water between milkings; otherwise, thermophilic bacteria 

may develop.8 

Chemical sterilization of milking-machine rubbers is accomplished with 

either chlorine or sodium hydroxide (lye) solutions. The chlorine 

solution should contain approximately 200 parts of chlorine per million 

parts of water, and the strength of the sodium hydroxide may be 0.4 to 

Fig u _A convenient tank for the hot-water method of sterilizing miiKing-mar.uu* 

arS ' l tray is provided for holding the teat cups and rubbers. Note the plug foi diain- 
ig the water after the completion of the 20-minute holding period. 

0.5 per cent. The teat-cup liners and short milk tubes may be immersed 

in the sterilizing solutions contained in an earthen crock but the long 

milk tubes may contain air pockets if not immersed gradual y into the 

solution. For this reason a sterilizing rack (Fig. 15) is desirable. 

Since chlorine solutions lose their strength rapidly, a fresh solution of 

proper strength should be prepared from the stock solution for ea 

sterilization. The sodium hydroxide solution maintains its s ung 

linger time and therefore need be prepared afresh only once each w^k. 

It should not be used however with aluminum equipment. The prepaia 

U°"nHeat Sterilization on the Rubber Pa- 

The life of milking-machine rubbers depends on many factors, such as 

Swi ...y/rtSKT&SS 2 
i-"-~i 
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mended method of heat sterilization is used and the cows are milked 

twice a day, the teat-cup rubbers have a life of 8 weeks, the short milk 

tubes of 16 weeks, the short air tubes of 23 weeks, and the long milk 

tubes of 46 weeks. When the rubbers are sterilized twice a day with the 

chlorine solution, the teat-cup rubbers last 13 weeks. Chlorine steriliza¬ 

tion of machines used three times a day results in a life of 11 weeks for 

the teat-cup inflations, 14 weeks for the short milk tubes, 31 weeks for the 

short air tubes, and nearly 1 year for the long milk tubes. The life of 

the long milk tubes depends largely on the number of times they are 

stepped on by the cows and the number of times the ends are trimmed. 

Chlorine and sodium hydroxide sterilizations are almost equal in their 
effect upon the teat-cup inflation rubbers. 

Operation and Installation of Milking Machines— Before milking, the 

machines may be assembled and tested by connecting them with the 

vacuum line. Air leaks, if present, will be detected by sound. 

The cow's udder and teats should be washed and wiped clean, or the 

milker’s hands will become soiled and will contaminate the milk in applv- 
mg the teat cups to the teats and during stripping. 

By drawing a stream from each teat into a separate container before 

applying the machine, one may detect abnormal milk from defective 



96 THE MARKET-MILK INDUSTRY 

udders and thus prevent contamination of the machine and the milk. 

Cows thus affected should be milked by hand after the milking of the 

other cows is completed. 

As a precaution against the teat cups’ dropping from the teats, a cord 

may be passed over the cow’s back and beneath the claw of those machines 

so equipped. This supports some of the weight and lessens the proba¬ 

bility of the teat cups’ being displaced. Such a precaution is especially 

desirable when the teats are small or when the rubber teat-cup inflations 

lose their elasticity. 

In case the teat cups should become disconnected and drop to the 

floor, the vacuum line should be closed immediately to prevent drawing 

contaminating material from the floor, and the cups should be rinsed 

first in cold and then in hot water before milking is resumed. 

After the milk ceases to flow in a constant stream or when the greater 

part of the milk has been removed, the vacuum is turned off, and the teat 

cups are withdrawn. 
When a pail is used to milk two or three cows without emptying and 

becomes filled, milk or foam is sometimes drawn into the stanchion hose 

and air line. Milk may also enter the stanchion hose and vacuum line 

as a result of improperly connecting the teat cups with the claw. If the 

short milk tubes and air tubes are reversed, milk will be drawn into 

the vacuum line. Because of these possibilities, the stanchion hose 

should be brushed regularly with washing solution to remove the milk 

solids. The stanchion hose does not require sterilization but may be hung 

in a clean place to dry. 
In the same way, milk may be drawn into the vacuum pipe line. As 

an aid in cleaning, the pipe line should be installed on the stanchion with 

a slope from one end of the barn to the other, either toward or away from 

the vacuum pump. A moisture drain valve at the lower end of the pipe 

line will permit accumulated milk to drain from the vacuum line as soon 

as the vacuum pump is shut off. 
When the vacuum line is installed on the stanchions, the pet coc \ 

used for connecting the stanchion hose should be placed near the top 

of the pipe line, and the pet cock made to turn downward. T his precau¬ 

tion will prevent the drainage of milk from the pipe line into the stanchion 

h0lfdthe vacuum lfne is not cleaned at intervals, milk solids will accumu¬ 

late drv on the surface, and in time partly or completely close the pipe 

hne an insanitary condition will thus be produced, and the securing o 
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steamed after being rinsed with water once each week. If steam is not 

available, a solution prepared with warm water and dairy washing powder 

may be used. The pipe line should be filled, and the solution allowed to 

remain for 1 hour before being drained out. If the solution is drawn 

through the pipe line by vacuum after soaking in the line, its volume 

should not be greater than that of the moisture trap. 

Flat-bottomed pails used on concrete floors may wear, and the bottoms 

become perforated, so that dirt and moisture may be drawn from the 

floor, causing contamination. 

Pulsators should never be put into the water. Once each month, 

clean the pulsator by rubbing the surfaces with a cloth. 

v/Efficient Cooling.—Clean cows, small-topped milk pails, and sterile 

utensils are necessary to produce milk of low bacterial content. Prompt 

cooling to a low temperature is also necessary in controlling the growth 

of organisms present in the milk at the time it is drawn from the cow. 

The milk should then be stored in a protected environment until it is 

delivered to the milk plant or receiving station. Table 30, prepared 

from the data of Ayers, Cook, and Clemmer,1 illustrates the increased 

bacterial content of milk held at different temperatures for 1 to 4 days. 

Table 30.—The Influence of Temperature on Bacterial Growth 

Grade of 

milk 

• 

Tem¬ 

pera¬ 

ture 

held, 

°F. 

Fresh 24 hr. 48 hr. 72 hr. 96 hr. 

Low-count 

original 

milk. 

High-count 

original 

milk. 

40 

50 

60 

40 

50 

60 

4,295 

4,295 

4,295 

136,533 

136,533 

136,533 

4,138 

13,961 

1,587,333 

281,646 

1,170,546 

24,673,571 

4,566 

127,727 

33,011,111 

538,775 

13,662,115 

639,884,615 

8,247 

5,725,277 

326,500,000 

749,939 

25,687,541 

2,407,083,333 

19.693 

39,490,625 

962,785,714 

852,835 

41,270,272 

5,346,666,666 

As the table shows, even low-count milk must be held below 50°F 

“ ls t0,be *‘01'cd for a day or two. At 40°F., practically no growth was 
observed until after 48 hours; and thereafter the reproduction of bacteria 

In the case of the high-count milk, the bacteria were doubled aftei 

24 hours storage at 40°F. Many state dairy laws and city orchnanc- 

require that milk be cooled to 50°F. or lower immediately after' it h 

or"y * —^ 
I lie importance of prompt cooling has been 

experiments10 on the influence of delayed cooling 
emphasized by Frayer’s 
upon quality. In these 
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experiments, cooling was delayed 1 to 4 hours. The results indicate 

that the longer cooling is delayed the higher will be the bacteria content 

after the milk is one or two days old. In some sections, dairymen do not 

cool the morning milk, for it is delivered to the receiving station within 

3 or 4 hours after production. The consequent damage to quality is not 

always fully apparent in samples taken at the milk-plant door, for 

bacterial analysis of the fresh milks will give approximately the same 

count. That a change has taken place, however, is shown by the greatly 

increased subsequent growth rate in 
the milk in which cooling was 

11,1 Cooling Milk on the Farm.—Water may be used in a surface cooler 

to bring the milk to a temperature within 2 to 5° of t ta 0 y™ ' 

„ certain locations, the ground water has ? * extern^ 
higher In that case the milk may be cooled to 70 F. oreran> extu 

tubular cooler if the rate of :flow ^ 

entire surface of the cook 1 is moi. e may further reduce the 

film. After passing the milk over ie.co , ’ tank Containing ice water 

temperature by placing the cans in an.1 *■ ‘ h deliveries are made 
(Fig. 1(5). Such cooling may be satisfactoiy where^ 
twice daily. The construction of a cooling tank is dese 1 ibe ^ P 
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Mechanical Refrigeration.—When milk is stored on the farm and 

delivered only once each day, mechanical refrigeration is desirable lor 

nse in cooling the milk to a lower temperature and in providing refrigera¬ 

tion for a storage room. Many city ordinances require mechanical 

refrigeration for all market-milk dairies in order that the milk may be 

. ^G ,17-—Afarm type surface milk cooler. Note the filter at the top of the cooler A 
sterilized cotton pad is placed between two perforated trays made of stainless steel. Nott 
balance trough, which is regulated by two stainless steel floats. Float A in the can v 

(CourteslTf Th Cari ls^ll^1<ln^rtln^ milk into a can that would be placed below float B 
tCourtesy of Thos. D. McHale Manufacturing Company.) 

kept at a low temperature and deterioration avoided. Ellenberger11 

found mechanical refrigeration to be cheaper than ice for cooling milk 

m V ermont when lce cost $3 per ton stored in the ice house and electric 
energy cost 5 cents per kilowatt-hour. Mechanical refrigeration is 

probably the most convenient and cheapest for market-milk dairies where 

f° ~v°r are b0ing milkcd- Cooli"g is discussed in greater detail 

milf onTheCf°w re'_S,UrfaCe C,°°lerS °f diff0I'ent tyPcs are usod for cooling 
m,lk on the farms. A corneal cooler with smooth surfaces may be used 
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where few cows are being milked. Water containing broken ice is placed 

in the enclosed compartment, and the milk is poured into a receptacle 

located at the top of the cooler. The milk passes through a small opening 

in the bottom of the receptacle and spreads evenly over the entire surface 

of the metal. This apparatus brings the temperature of the milk to 

within 7°F. of the temperature of the ice water. The conical cooler is 

more satisfactory when made with a corrugated surface. With this 

type of cooler, the temperature of the milk may be brought to within 

5°F. of the temperature of the water. The tubular surface cooler (Fig. 

17) for use with running water, brine, or the direct expansion of a refrig¬ 

erant, such as ammonia or freon, is the most common type in market- 

milk dairies. The cooler may be made in two sections, the upper one 

cooled by running water where water enters the bottom of the section 

and leaves at the top, the lower one cooled by refrigerated brine or by the 

direct expansion of a refrigerant. 
Surface coolers may be sterilized with chlorine, with hot water, or by 

disconnecting the cooler and placing it in a steam sterilizing cabinet. 

With this last method the cooler should be installed with flat-thread 

union, ferruled and with nut connections on the water and biine pipes. 

If the union nut has two prongs or lugs extending from its outer 

surface, it can be quickly loosened with a special wrench and disconnected 

to permit the cooler to be placed in the steam sterilizing box after each 

use. ... 
Other Factors for Sanitary Milk Production. Buildings.—A he sani¬ 

tary construction, location, and arrangement of dairy farm buildings are 

discussed in Chap. MI. . . , , 
Water —The water supply of a market-milk dairy should be fresh 

and uncontaminated. When possible, the well should be located on 

higher ground away from the draining or seepage from barnyards an 

manure piles and from toilet vaults. The water in the well or tank should 

be covered as a protection against rodents or birds. Not uncommon j, 

wX stored in Lks becomes contaminated with gas-forming bac*n 

from the droppings of birds permitted to enter he tank house Annuals 

should be kept where they do not have access to stagnant pools. 
"-The feed given to cows should be of good quality and free 

from mold or decomposed material. Moldy hay or gram, decomposed 
silage or feeds badly fermented are undesirable in market-nulk 

pr0dflean premises-In a market-milk dairy the manure should be 

removed rfgularly from the stable and 
to prevent odors in the milking stable or in the coo^ g ^ ^ accumuIa. 

yard should if possible be sloping, we (i ■ ' f j ws jt 
tions of manure that would contaminate the bodies 
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should be cared for so that it will not breed flies. The milk room should 

be screened; and the door should open outward to keep the flies from 

entering when the door is opened. 

Milking.—If milking is done by hand, the milker should have clean, 

dry hands. After cleaning and feeding the cows, he should wash his 

hands and change to clean clothes before starting^to milk. It is surprising 

to find owners of market-milk dairies who permit milkers to smoke while 

milking. Tobacco and ashes have been observed to fall into the pail 

under such conditions. 
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CHAPTER VII 

CONSTRUCTION AND ARRANGEMENT OF SANITARY 

DAIRY-FARM BUILDINGS 

A properly constructed stable and milk house are necessary for a con¬ 

sistently good product. In favorable weather, satisfactory milk may be 

produced with meager equipment, but the quality will not remain high 

throughout the year without certain minimum standards. 

A farmer who ships market milk to a city or distributes it locally in 

retail trade must have a sanitary stable where the cows can be properly 

confined and prepared for milking. He must also provide a suitable 

milk room or house to care for the product and the utensils. 

Standards of market-milk production have reached a high plane in 

many sections during recent years. Anyone contemplating new buildings 

would therefore do well to study available plans for modern dairy struc¬ 

tures and to consult his regional inspection department. The col eges o 

agriculture of the various states are usually prepared to give information 

that will aid in meeting local requirements. . 
Location—When new buildings are being planned, their location r 

important. Good drainage is a prime consideration A ground s ope 

that readily carries away the waste water leads to dner yai s, c ean 

cows and better sanitary conditions. The floors of the structures should 

be sufficiently elevated to allow free drainage from the gutters of the stable 

and the floors of the milkhouse. If necessary the ground leYel should be 

raised by grading, and the filled areas allowed to settle before the stru 

tures are erected. If possible the buildings should be placed*[*".ng 
sunlight can reach the platforms, gutters, and mangers m the milk g 

stable"* If the long axis extends north and south, maximum sunlight, 

most evenly distributed throughout the stable, will result. 
Tim dairy buildings should be distant rom permanent san tary 

hazards such as 

0adndrX Should be located away from the milking stable and on the 

opposite side or end of the stable from the milkhouse. 

THE MILKING STABLE 

c i .mu milk nroducers will gradually enlarge their 
As a rule, successful market- standards of inspection 

herds and will add new buildings to meet the standards i 
102 
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departments. It is often possible to utilize 1 he older buildings lor winter 

shelters, for the storage of feed, and for the feeding of roughage. 

The one-story milking stable is especially suited to this development. 

It is sanitary, convenient, less expensive to build than the two-story 

structure, and capable of being enlarged as the business expands. In cold 

climates, it is usually built with a tight ceiling for greater warmth. 

The plan just described is the modern trend in market-milk producing 

areas. The older structures are utilized for the feeding and care of the 

animals, which can be brought to the milking stable in small groups (if 

necessary) to be given grain and milked. 
The most common types of dairy barn used for market-milk produc¬ 

tion are (1) the one-story stable, with the feed stored in a separate build- 

Si/o 

Feed rm. 

Silo 

/ L if ter alley 

LJLL JJLL JJLMJLI ML LJ MIL 

2 Feed alley 

1 1 ITT i i i i i i i n MTTTTI 
J Litter alley 

Fig. 18.—Floor plan of a one-story milking stable with stanchions arranged for the cows to 
face the central feeding alley. 

ing; and (2) the two-story barn, in which the feed is stored in a loft over 

the cows. In colder regions the two-story barn is usually.preferred; in 

milder climates, the one-story building. 

Arrangement of Stalls and Alleys.—The stalls, alleys, and gutters of 

any stable should be arranged for efficiency, convenience, sanitation, and 
efficient handling of the cows. 

To have two rows of stanchions is ordinarily efficient and economical, 

although some barns have only one and others three or more. Stables 

with a hayloft above and with more than two rows of stanchions are not 

very satisfactory because natural light does not reach the center of the 

stable and because construction is more expensive. In one-story milking 

stables, satisfactory lighting for more than two rows of stanchions may 

be secured through skylight windows. One central feedway will accom¬ 

modate two rows of cows facing in, and a central litter aliey will serve 
two rows facing out. 

The principal advantages of constructing a milking stable with the 

rows of cows facing in are that the cows are easily fed from a central feed 

alley, that silos and feed rooms may be conveniently located at the end 

of the barn, and that the gutters and back parts of the stalls will have 

more exposure to light. The facing-in arrangement is probably the better 
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one for narrow barns, for with this arrangement the feed alley need not 

be so wide as the central passageway of a stable where the cows face out. 

Most dairymen in colder climates, where the cows are stabled during 

the winter, prefer the facing-out arrangement. The barn may be more 

easily cleaned; the manure, loaded directly into the spreader, is drawn 

through the central passageway, so that no litter carrier is needed. 

Furthermore, milking is made more convenient; the cows look better 
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F,o 19.—Cross section of floor of a Jo-row milking stable: A, arranged for cows 

Jlle^rJa^ JSoThse; 4, stall; 5. gutter; 6. a„ey. 

fall into the gutter. When the phttform is too long,the 

and soil the animals when they ,ie f’!Jle Id the wastes are 

must stand in the gutter in an um "™ f average size are housed 
likely to fall behind the gu ter. Where cows^ ^ ^ ^ ^ is 

"Ir^y^ef1'whet cowTart kept in the stable only during the 

milking period, 3 feet between stanchions is satisfactory. 
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Dimensions of the stalls as recommended by Rhode and Foster1 are 

given in the following table: 

Table 31.—Stall Dimensions for Different Breeds of Dairy Cows 

The length of the milking stable should be determined by the number 
of animals to be housed, the stall width, the number of cross alleys, and 
the thickness of the walls. The length of the stable should be planned in 
even-numbered feet, for rafters and studding are usually spaced 2 feet 
center to center. One cross alley is required at each end of the rovrs 
of stalls, and another cross alley may separate the rows into batteries of 
10 to 15 stalls each. 

Gutters.—The width and depth of gutters depend on climatic condi¬ 
tions. In sections where cows are stabled during the winter, Rhode and 
Foster recommend gutters 16 inches wide, 8 to 10 inches deep on the side 
next to the cow, and 3 to 5 inches deep on the litter-alley side. In 
climates where the cows are stabled only for milking, a depth of 6 inches 
and a width of 14 inches are satisfactory. The gutter floor should slope 
lengthwise to a drain with a fall of at least 1 inch in 10 feet. If the drain 
is located beneath the center of the barn with the gutters sloping to the 
center from each end, the site can be graded more easily. Sufficient 
height of the gutter wall on the stall side reduces the tendency for the 
droppings to pile up and overflow upon the stall floor. A low gutter wall 
on the litter-alley side admits more sunlight, simplifies cleaning and 
reduces the possibility of injury if the cows slip into the gutter. There 
W1 however, be less splashing of manure and liquid over the floor and 

floor!* C0WS th° fl°°r °f th° Utt6r aMey is on a level with the stall 

milWnTstebiTMThgerS haV0 good width if cows »e fed in the 

.....-*.. .I- k«r*Ss 
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by the cows may easily be returned to the manger. In many market- 

milk dairies the grain is fed in the stable during milking, the roughage in 

a separate feeding barn. In that case, when the grain is fed according 

to production, metal manger dividers are often used to keep the feed tor 

each cow separate and to prevent one animal from robbing another. 

The dividers are fastened to the stanchion supports and may be raised 

for cleaning the manger. The manger should slope 1 inch in 10 feet 

toward the drain so that it may be washed. 
Curbs—The curb that separates the stall from the manger is usually 

about 7 inches high and 5 inches wide, with the top edges rounded and 

smooth. If the curb is too wide, feed accumulates on the top, and clean¬ 

ing will take longer. Uprights that support metal stanchions are built 

into the concrete curb; but, with wooden stanchions, the curb should be 

raised several inches at the point where each support will be placed. The 

floors and mangers in market-milk dairies should be washed regulai y, 

and if the wooden stanchion supports are on a concrete base raised above 

the level of the curb, the wood will remain dry and will deteriorate less 

rapidly than if it were in contact with the water used for washing the 

floors The lower horizontal member of wooden stanchions should no 

rest on the concrete curb but should be held at least 2 inches above to 

avoid contact with wash water. . • 
Floors.—The floors for milking stables should be impervious to mo - 

should be fret from cracks; and all corners in gutters, in mangers and 

Qf the floor 

with a rattan barn broom di a tod are too a * i u - - 
maThe stalls are usually given 

to the gutter. In stables where e » gutter. The gutter should 

Lv"™ its length should 
have a uniform slope of at least me > stables may well be of con- 

cre ™ ^ ! tWS ^ 
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merit places the wooden portion of the wall well away from moisture, 

which would eventually rot the timbers. If the concrete wall base is 

finished smooth with cement, it can be easily cleaned. 
Light.—Sunlight is important to the health of dairy cows, and it also 

destroys bacteria. Ample window space should therefore be provided. 

Full credit on the dairy-farm score card is allowed when 4 square feet ot 

window glass is provided per cow. If the height oi the windows is greater 

than the width, more floor area is exposed to sunlight. 

Milking stables 36 feet wide and extending north and south will have 

4 square feet of glass for each cow if 12-light windows spaced 7 feet from 

Fig. 20. Milking stable for warm climate (four row's of stanchions; cows in outside 
rows facing in). (A) Upper part of wall left open for ventilation. Wooden panel or 
canvas curtain sections may be closed to exclude rain and wind. (B) Skylight windows in 
roof. (CO Ventilator in roof. (Z» Opening 6 feet wide between milking stable and milk 
house. (E) Milk house located at end of stable. 

center to center are provided. Windowpanes measuring 8 by 12 inches 

are less expensive to replace when broken than larger ones. 

Air Space—The amount of cubic air space per cow in a milking stable 

does not necessarily indicate either good or bad ventilation Not less 

than 500 or more than 1,000 cubic feet for each animal is, however recom- 

mended.4 In the northern states. 500 to 600 cubic feet suffices, ’and the 

stable may be uncomfortably cold if more air space is provided than can 

be kept reasonably warm by the animals’ bodies. In warmer climates 

as m the South, 1 000 cubic feet per animal is more satisf"b”a^e 
of the long period of warm weather. A stable 36 feet wide (outside 

measurement) should have a ceiling 8 or 9 feet from the floor in order to 
furnish 500 to 000 cubic feet of air space per cow. 
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In some localities having a long period of warm weather, the upper 

half of the walls may be left as bare openings without provision for 

glass windows. The cows and milkers are then more comfortable during 

the summer, but the milk is less well protected at all times from dust. 

The openings in such walls are often equipped with hinged wooden panels 

that may be closed against dust or rain. This construction, though not 

allowed a perfect score, is accepted by certain city inspection depart¬ 

ments. Near Los Angeles, there are many milking stables of this type. 

The stable in Fig. 20 is equipped for milking 120 cows. There are 

four rows of stanchions, with the cows in the outside rows facing in. 

VENTILATION OF MILKING STABLES 

Dairy barns must be ventilated to promote maximum comfort for 

animals and to prevent conditions that might shorten the life of the 

building. The outgoing air current removes foul air, odors, and moisture, 

Fig. 21.—Nine-light sash to tip in at 

top. Windows may be removed in hot 
weather to permit greater circulation of air. 

Fig. 22. -Six-light 
light transom. 

weather to permit greaiei -- 

whereas the incoming current supplies fresh air and maintains it at the 
Isked degree of purity. Dairy cows breathe 110 to 223 cubic feet o air 
per hour depending on the environmental temperature, the temperature 
of the”’spired air and the size of the animal.* The exhaled moisture, 
if not removed by ventilation, causes damp walls and, in time, detenoi 'in of the woodL parts. In well-constructed barns not properly venti- 

'"l S - veittii'the construction of the 

, ' Heati necessary to cause the air to move. If much heat is 

tet through the walls, little is available to cause air * 

the ventilating flue, and an inadequate chang^milking stables 
In sections with mild w,liter cl" providing glass 

is simple. It is usually accomplished satislact . . 
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windows that tip in from the walls at the top and rest against metal or 

wooden flanges installed at the sides or against the crosspiece supporting 

the flanges. The incoming air enters the stable over the top of the 

windows (Fig. 21). This arrangement prevents a direct draft of air 

against the cows. With such installation of windows in the walls and 

with the construction of a louver ventilator in the ridge of the roof 
ventilation will be satisfactory. * 

The heat needed in the stable in cold climates is generated by the 

animals bodies. If it is permitted to escape by conduction and radiation 

through the walls and cracks, the stable cannot be kept warm and 

ventilated at the same time. Likewise, when the walls are not sufficiently 

insulated, much condensation may take place during cold weather irre- 

A 1-inch soft-pine board wall and an 8-inch brick or concrete wall have 

about the same insulating value.' Wood construction is less expensive 
lhan masonry if insulation values only are considered ti, ■ • 

—t of waii construction for cold cliUs“benot^“ ™ 
cknesses of boards, with good-quality building paper between or its 
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equivalent. Sheathing on the inside of the studding will increase the 

insulating value. Hollow walls filled with shavings or sawdust have been 

proved satisfactory.4 
Factors Affecting Stable Ventilation.—The difference between outside 

and inside temperatures is the most important factor in proper ventila¬ 

tion. When air is heated, its volume expands, and its weight is reduced. 

Hence, warm air rises. An increase in temperature of 1 F. will inciease 

the volume of 491 cubic feet of air 1 cubic foot,2 When the air in a stable 

is warmed by the heat from the animals, the air expands and presses 

against the outside walls, and the tendency is to force air out of the 

building. 
If there are openings in the roof and in the side walls of the stable, 

the warm air, being lighter and under pressure, will flow out of the upper 

opening, and the cold air from the outside, being heavier, will flow into 

the barn through the lower openings, circulation being thus created. 

If the stable is equipped with a ventilating system, the warm air will pass 

up and out through the outlet flues, causing a draft that is affected y 

the height of the flues, the higher flues having greater draft The warmed 

and expanded air, passing out of the stable, is replaced by colder an 

entering through intakes or other openings. This, in turn, is Maun 

and passes outward, and circulation is produced. 
The direction of air currents around the cows in a two-s oiv no .un 

barn equipped with incoming cold-air vents and a ventilating flue fo. 

°UtTh:graSily with whiolfthe air changes 

—* ■ 

nsssRK-.» 
'« “h ”” "d 

the attendants. moisture. The warmer the 
Stable air contains a varying a ^ ^ when it will not 

air, the more moisture a Slv(\n ' “saturated.” Whatever amount 

——*• 
point.” 
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if cold air entering a stable is warmed by the heat from the animals, 

it dries the air already in the barn and absorbs moisture from material 

exposed to it. This fact explains how the air in a well-ventilated stable 

can absorb the moisture exhaled by the cows. If the circulation (that is, 

the continued removal and replacement) is decreased sufficiently, the air 

becomes saturated, and any decrease in the stable temperature causes 

moisture to condense upon the walls. 

It is not practicable to control the temperature of milking stables by 

artificial heating and cooling, but these aids are not necessary. Given 

good construction, a proper ventilating system, and a full quota of cows, 

one can, even in severe weather, maintain the temperature above freezing 

and without undue moisture. Fresh, dry air and a cool stable are better 

than a warm stable, moist air, and dripping walls and ceiling. 

SANITARY FEATURES FOR MILKING STABLES 

The milking stable should be constructed for eas}^ cleaning. If hay is 

stored above the cows, as in the two-story barn, the floor of the hayloft 

should be constructed of surfaced tongue-and-groove lumber. There 

should be no cracks through which dust or feed can enter the stable below. 

If enclosed hay chutes are constructed between the loft and a point near 

the floor of the feed alley, less dust will enter the air of the milking stable. 

A trap door placed over the top of the hay chute and opening into the loft 

will protect the stable from falling dust. 

Ledges, rafters, and other dust catchers should be avoided. Wall 

ledges near the floor can be eliminated if the windows arc set flush with the 
inside surfaces of the walls. 

Some one-story stables are constructed with an unnecessary amount of 

scaffolding to support the roof. These are npt easily kept clean unless the 
room is sealed. 

An ideal milking stable is free from ledges, has all corners of the floor 

lounded, and has walls and ceiling either painted a light color or white¬ 

washed. Paint is preferable for all smooth surfaces and protects the 
wood from deterioration. 

The disposal of drainage from the milking stable is sometimes diffi- 

cu . Such material, if allowed to accumulate near the dairy buildings 

becomes a sanitary hazard because of odors and flies. The drainage 

iom the stable and milkhouse should be carried away in glazed-tile pipes 

«onbeTa h gT,d’ and the liquid deposited the soil for fert iliza- 
on. If the ground slope is not sufficient, the liquid may be deposited in 

‘ * n1’, m F removed b.v bei»K Pumped on the soil 
in some European countries, stable drainage on dairy farms is dr,„„ 
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favorable seasons the liquid is pumped into sprinkler wagons and sprayed 

upon the fields. 

Concrete stable floors, after several years of wear, may become smooth 

and slippery. Cows often become injured by falling. To prevent such 

mishaps, some dairymen scatter a few handfuls of coarse sand over the 

floor. In that case, a shallow sump or catch basin must be installed 

just outside the stable to receive the sand from the floor wash water. 

The bottom of the catch basin is about 10 inches below the drainage inlet 

and outlet pipes. Thus it provides space into which the sand will settle 

instead of passing into the drainpipe and clogging the drain. The sand is 

removed from the catch basin with a spade, every day or two. 

Washbasin and Running Water.—Market-milk dairies should have 

running-water outlets in the milking stable. Present standards of sanita¬ 

tion require washing the udders and teats of the cows befoie milking. 

This work can be easily done if a hose connection is installed in the center 

of the stable behind each row of cows. In that location a shortei length of 

hose is required to reach to all the animals. 
Modern sanitation also requires washing the hands just before milk¬ 

ing and as often as desirable during the work. A washbasin with running 

water should be installed near the doorway to the milkhouse. The dram- 

pipe leading from this basin should extend to a point near the floor to 

prevent the water from splashing against the shoes and clothing of the 

milkers. 
* // • 11 • l_4-lmnliPW IS t,llP TYlOStj 

it snouici 
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The stalls in which the cows stand are equipped with a gate in front 

of each cow. The cows are not fastened in the stalls after they have 

become accustomed to this method of being milked. Immediately after 

the milking, the gates in front of the stalls are opened, and the cows 

leave through a lane back to the feeding barn. 
Before entering the milking parlor the cows have their udders and 

flanks washed in a separate building, where they also receive their grain. 

Parlor y1*11. cows in Stalls. Floors and interior surfaces with attrac- 
tive finish. (.4) Glass installed in milking machine vacuum line to receive the milk for 
weighing. (B) Dial of scale which indicates weight of milk. (Courtesy of Arden Certified 

r*.' 
B 

From there, they are driven into the milking parlor and enter holding 

pens located behind the animals being milked. This procedure keeps a 

supply of cows available for the milkers at all times (Fig. 24). 

For smaller dairies, milking parlors may be equipped to accommodate 

only a few cows at a time, and milking may be by hand. The expense of 

equipping and operating a milking parlor would, however, ordinarily 

not be justified unless the dairyman were selling direct to retail customers 

In that case the advertising gained from such equipment would probably 

brmg mcreased business and, in some localities, a higher price. 

by HenryW tff «,uipme„t, invented 
c 1 I ' Jl^us ot 1 lainsboro, N.J., was first used on the Walker- 
Gordon Farm m 1930. It consists of a rotary moving platform on which 
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50 cows arc washed, clried, and milked during one revolution, which 

requires about 13 minutes. 

In the operation of this equipment at Plainsboro, about 1,300 cows are 

milked three times a day. These, groomed in the feeding barns, are 

released from their stanchions in regular order. They pass into narrow 

lanes that lead through an enclosed passageway to the Rotolactor. 

Stepping upon the slowly moving platform, they are fastened into iron 

stanchions. Attendants in white suits, stationed at diffcient points 

around the platform, perform various tasks connected with the prepara- 

F,o. 25. The operaUo^ n*A~ 

3^^«SSSisS 

through another lane to th“j^wTla^-volume production. The 

JK SS.VS -w - .«i <— “• -"d”“ "• 
high-quality milk. 
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THE MILKHOUSE 

A milkhouse of suitable design and construction is required on farms 

supplying the city markets. The size and type of building and the kind 

of equipment depend upon the size of the herd and whether the milk is to 

be sold in cans to a pasteurizing plant or prepared for retail distribution. 

Most market-milk producers sell their milk in cans to country receiving 

stations or direct to the urban dealer, who does the processing and 

bottling within the city. 

The milkhouse must be of sanitary construction to protect the product 

from odors, dust, and insects and to prevent rapid deterioration of the 

building. It provides facilities for cooling and storing the milk, washing 

and sterilizing the utensils, and protecting them from contamination 

until they are again needed. 

The dimensions of the milkhouse, exclusive of any space for pouring 

platform, boiler, compressor, or brine tank, have been recommended by 

the U.S. Public Health Service7 in accordance with the following table: 

1 able 32.—Suggested Floor Space of Milkhouses 

Milk output, gal. 

Existing milkhouses Future milkhouses 

Retail raw, 

ft. 
Raw to 

plant, ft. 

Retail raw, 

ft. 

Raw to 

plant, ft. 

Under 20.... 12 X 14 8 X 10 12 X 18 10 X 12 
20-o0. 12 X 16 10 X 10 12 X 20 12 X 12 
50-100. 12 X 18 10 X 12 12 X 22 12 X 14 
Over 100 . . . 12 X 20 10 X 14 12 X 24 12 X 16 

Location. rl he milkhouse should be located in sanitary surroundings 

near the stable but should not open directly into it. Although city health 

regulations vary, the following arrangement would meet most require- 

meats: 1 he attendant should pass through an open .space in carrying 

15 fee 0,1 T' t>mC regulati0ns »Pec«y ^ distance of 6 to 
15 feet. Others permit a closed ventilated passageway or vestibule 

between the stable and milkhouse, provided that there are two doors— 

one opening mto the milking stable, the other at the opposite end of the 
passageway to provide entrance to the milkhouse Ti -n , 
he under the same roof as the. 

that there is an open space between the two. Q 

Convenience of location is important ir«,. u, , 

advantage in placing the milkhouse'opposite the middle’ T “ 
cross alley. i„ that case, however tic cowvards d “A"8" a 

’ ’ 1C cowyards, drainage disposal, 
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and manure dump should be on the opposite side of the stable to protect 

the milk from odors and dust from these sources. 

Arrangement.—The milkhouse for large dairies should contain at 

least two rooms: (1) a milk room where the milk is cooled, filled into cans, 

17-0" 

Fig. 26.—Floor plan of milkhouse for a large dairy supplying milk for pasteurization. 

and stored; and (2) a washroom for cleaning, washing, and sterilizing 

utensils and equipment. 
Mechanical refrigeration is required by many health departments for 

the cooling of milk on farms supplying the market. A separate room is 

commonly provided for this equipment, and also a cold-stoiage loom is 

^ Jfew-1,,» 

Fig 27—Milkhouse and milking stable on a large market-milk dairy. Note milk- 
pouring platform on concrete construction and water hose for washing the platform and 

stairs. (Courtesy of Department of Health, Oakland, Calif.) 

desirable for storing the milk in cans on the farm until the time for ship¬ 

ment to the city plant or delivery to the milk-recemng station. W here 

20 cows or more are milked, dairymen will usually find i desnab e 

construct a pouring platform against the outside wall of the milk room 

where the milk carried from the milking stable may be poured into an 

Cl€'xheVlatformi reached by a stairway and has a roof to protect it from 

rain The receiving vat, placed on metal brackets, is equipped with a 

sanitary conductor pipe i’n which the milk flows 

top of' a surface milk cooler. A sanitary valve installed 1 1 
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regulates the flow of milk over the cooler. The receiving vat should have 

a self-closing hinged cover, flanged down around the edges to fit closely 

over the top and protect the contents from flies and dust. 

A pouring platform makes it unnecessary for the milkers to go into the 

milk room to empty the pails. It saves traffic into the milkhouse and 

gives better sanitary protection. Concrete construction is recommended 

for the platform and steps, for some milk is always spilled during pour¬ 

ing. Painted wood construction may be used for a movable open-stair 

type. 
The wall area immediately behind the milk-receiving vat should be 

made smooth and impervious to moisture and milk by means of cement 

plaster or galvanized sheet steel. 

In large dairies, considerable milk is usually spilled on the floor and 

steps of the pouring platform. To clean them properly, running water is 

necessary; and the wash water and milk that accumulate on the ground 

surface below will cause flics, mud, and a generally insanitary condition 

beneath the steps unless provision is made for drainage. Dairymen 

often construct a sloping cemented area beneath the steps and platform 

and connect it with the drain. 

Convenience in loading the cans on the truck is important. It is 

desirable to have a loading platform 4 feet wide, connected with the 

building. The platform may be built at the floor level or elevated. An 

ideal arrangement is to have the milkhouse floor and the loading platform 

at the same or nearly the same level as the floor of the truck. 

Floors. Special care should be used in constructing milkhouse floors. 

Concrete is preferable and is required by most city health departments. 

It is fairly impervious to moisture and resists decay and wear. The floor 

should be at least 4 inches thick and troweled smooth and true. The 

slope in each room should be at least 0.25 inch to the foot to a bell trap 

so that it will drain thoroughly. The bell trap should be connected with 
a 6-inch glazed-tile drainpipe. 

The excavation for the foundation wall should extend to a firm footing 

and below the frost line. The excavation for the water-supply and drain¬ 

pipes should bo made before the foundation walls are built, and these 

pipes should be placed below the frost line. The concrete-wall founda¬ 

tions should extend at least 3 feet above the floor level. This arranee- 

ment protects the sills and the bottom of the siding from being rotted by 

water and milk Where the superstructure is of wood, anchor bolts 

should be embedded in the concrete wall in order to fasten the sills to the 

foundation wall. The best union between the floor and the waMs is an 

interlocking joint made with a cove (Fig. 28). One can make the recess 

inner'side of Tl f '"^UOn Wal1 l,y Placing a 2- by 6-inch plank on the 
side the forms, the upper edge of which is 34 inches below the 
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top of the concrete wall when a height of 3 feet above the floor level is 

planned. Rounding the corners with a cove where the floor and side 

walls join helps to prevent dirt from accumulating and aids in keeping 

the room clean and free from odors. 

Walls and Ceiling.—The walls and ceiling are commonly constructed 

of wood, although concrete blocks and brick are sometimes used where 

the cost is not excessive. Too much emphasis cannot be placed upon 

tight construction. The inside surfaces should be smooth and free from 

ledges. The concrete portion of the walls may be plastered with a rich 

cement-and-sand mixture; and the upper portion and ceiling, if of frame 

construction, should be tongue-and-groove lumber. Such an interior 

should be painted a light color, preferably with a priming coat of flat 

white and a gloss finish of white, cream, or light gray. 

Doors and Windows.—The number of outside doors provided for a 

milkhouse should be limited to the actual number required for convenience 

in operating the dairy. Protection ol milk and the utensils from con¬ 

tamination by flies is an important function; therefore, construction 

details that aid in excluding insects are desirable. 

Where milkers empty their pails at a pouring platform outside the 

building, a door opening directly into the milk room is not essential. 

Those who enter that room may pass through a door opening into the 

washroom and a second door located in the wall between the wa^iroom 

and the milk room. If this latter door opens toward the washioom, the 

opportunity for flies to reach the milk room is greatly reduced. In large 

dairies, it may be desirable to have in an outside wall of the room a door 

through which filled cans may be taken to the loading platform. This 

arrangement is prohibited in some states, which specify that the milk 

room shall not have a passageway to the outside of the building but may 

have a passageway into the receiving room, the cold-storage room, or a 

room used in washing or sterilizing the utensils. It is generally specified 

that the milk room shall not communicate direct with a toilet room, a 

stable, or a dwelling. 
Health departments usually recommend that all outside doors of the 

milkhouse be paneled or glazed and hinged to open into the rooms. The 

door openings should be protected, also, with screened doors to swing 

outward, as a protection against flies. Self-closing outside doors are 

desirable and arc usually required. 
' Sanitary requirements of the milkhouse are usually met if the window 

space d not less than 10 per cent of the floor area and ,f light is evenly 

distributed It is preferable to have counterbalanced, or encased, sliding 

th s so that screens may be placed on the outside without interfering 

with the operation of the windows. Window-screen frames mounted to 

rp!n outward arc desirable as an aid in removing flies from the milkhouse. 
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Ventilation.—Steam and water used in the milkhouse cause dampness, 

which injures the metal equipment, the utensils, and the wooden parts of 

the structure. Where milk bottles and considerable equipment are 

treated in steam sterilizers, condensed steam often drips from the ceiling. 

This condition not only injures the building and its contents but favors 

molds and bacteria and causes more or less odor. 

Open doors and windows located in adjacent or opposite walls are 

helpful in securing ventilation in small milk rooms, but health-department 

regulations usually specify that ceiling vents be constructed leading from 

both the milk room and the washroom to a roof ventilator. The ven¬ 

tilators are more effective in removing moisture if they are 2 feet square. 

The ventilators should be screened against flies and birds. 

The floors of a milkhouse do not dry off easily even when ceiling vents 

are installed. Wall ventilators installed 3 to G inches above the floor of 

the milk- and washrooms have been effective for drying the floor. One 

square inch of ventilator space for each square foot of floor space has 

proved satisfactory. Wall ventilators of this type should be equipped 

with removable screens to keep out flies and with shutters to be closed in 

unfavorable weather. 

MILK-COOLING TANK 

City regulations often require that milk be cooled to 50°F. or lower 

soon after being drawn from the cows. . To meet this requirement, ice 

or mechanical refrigeration may be needed during the greater part of the 

year, for the temperature of running well and spring water is generally 

above 50°. Immediately after milking, running water and a surface 

cooler may be used to reduce the temperature to within a few degrees of 

that of the water. This precooling saves ice and lowers the cost of 
mechanical refrigeration. 

In states where the milk supply is secured from numerous dairies 

milking only a few cows each, the regulations are sometimes more lenient. 

Milk delivered to country receiving stations is sometimes accepted if the 

temperature is 60°F. or below. Under these conditions, if the well water 

is below 60°F., the milk may be cooled by standing the filled cans in 

water in a cement tank installed or constructed in the milk room In all 

cases where cooling tanks are used, they should be insulated If ice 

TZ Tf !i0 C°01 thC milk hl SUmmer’ the insulation prevents the loss 
of cold from the water; and in winter, in cold climates, it protects the 

a er arid m|lk from feezing. In many localities, therefore a cement 

cooling tank is usually installed in the milkhouse. ’ 
Types and Location of Milk-coolin? TanUc mi 

.-. 

.. .. ol S.lvumzi.l non and insiiliitid ivid, corkboard 



120 THE MARKET-MILK INDUSTRY 

or a similar material. Portable tanks are supplied by manufacturers 

and can be quickly installed. 

Each type of tank has advantages and disadvantages. A well-built 

concrete tank is more permanent. It may be built into the floor with the 

top at a level to make easy the handling of cans. If the tank is to be 

equipped with a refrigerated milk-cooling unit to reduce the water to a 

low temperature, the ready-made unit that can be purchased is more 

satisfactory. It is not easy to do a thorough waterproofing and insulating 

job with farm labor. 
The portable metal insulated tank is a complete unit with a tank, 

compressor, coils, and thermostat ready for use when connected with the 

electrical current. One disadvantage is that the top is too high above 

2'x 6"Frame- 
No.26 6a. galv. iron 

' top and bottom 
Milk house watt 

■ Tar paper 

Opening 12x12 "dosed 
with brick or cobbles 
loosely placed using 
a weak mortar 

°\JT 
Fig 28-Cross section of insulated milk-codling tank and concrete floor of milkliousc. 

(A) interlocking joint. 

IS 
the floor to put in and take out the cans of milk easily unless the tank » 

installed in a pit. Depreciation will probably be greater than wi i 

"CemitcroCtank "should be located in the coolest part of the 

milkhoustaway traffic. It is usually against the - > on the nor h 
or east side where the walls are more protected from the hot sun. 1 

other locations a greater thickness of insulation material would be requi 

t0 The size oTcoolin^tank will depend upon 

and the amount of cooling water necessaryFor speed ^ "I 

cooled, with water 21 inches deep 
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Because ice or mechanical refrigeration is necessary for regularly 

producing high-quality milk, only cooling tanks with insulated floor, 

walls, and cover should he constructed, in order to conserve refrigeration. 

As already mentioned, properly insulated tanks protect the milk from 

freezing in cold weather. Figure 28 shows the details of construction of 

an insulated concrete tank. 
Many market-milk producers who operate dairies with 30 cows or 

more consider the tank milk cooler a nuisance. Lifting filled cans into the 

Fig. 29.—Attractive milkhouse for market-milk dairy. Note loading platform, ventilators 
above floor and ceiling, and attractive surroundings. 

tank for cooling and later lifting them out is laborious. The water may 

splash upon the floor and the operator while the cans are being immersed. 

When the cans are removed from the tank, their outside surface may wet 

the operator’s clothing as he takes the cans from the tank and places 

them on a truck for transportation to market. 

In some areas the trend is toward larger dairies and better equipment. 

Recent studies of the cost of producing market milk for fluid consumption 

indicate that when 20 cows or more are being milked there is greater 

efficiency than when a smaller number are kept. Figure 29 shows a 

modern milk room constructed at the end of the milking stable with a 

covered passageway between the two. The floor plan of the milkhouse 

is shown m Fig. 30. Provision is made for a milk-cooling room, a wash¬ 

room, a cold-storage room, and a refrigeration compressor room. The 

mi king stable in the rear has stalls for 40 cows. Since 80 are being 

milked, the stable is filled twice during each milking period 

The use of mechanical refrigeration with a dry cold-storage room saves 

labor „i handling the milk and ensures efficient cooling and storage at 



122 THE MARKET-MILK INDUSTRY 

low temperatures. The milk at this dairy is cooled below 45°F. and 

stored in the cold room until the truck transports it in 10-gallon cans to 

the city pasteurizing plant. 

TOILETS 

The construction of sanitary toilets on dairy farms is especially 

important because of the possibility of spreading human infections. If 

a toilet is not fly-tight, typhoid fever and other diseases may be carried 

by flies from the excreta to the milk. 
Two types of toilets are satisfactory: (1) the flush toilet and (2) the 

pit toilet. < 
Flush Toilet.—At dairy farms provided with water under pressure, 

flush toilets are preferred, and their installation should conform to good 

plumbing practice. The water pressure should at all times be sufficient 

to fill the toilet reservoir; and the toilet bowl should he rim-flus > PloP0r > 

vented and trapped, and tightly jointed. The toilet room should be well 

lighted and ventilated and should not open directly into the milk room 

The disposal of effluent should be into a sanitary sewer system 01 a 

nronerly constructed septic tank. <• 
Pit Toilet.—The sanitary earth-pit privy is designed o piovit 

■uid convenient disposal of body wastes at a minimum cost where a 

sewage system is not available. It consists of a privy house construe e 
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over a pit safeguarded against flies and animals. The important sanitary 

considerations are to provide a flyproof pit, a tight floor riser and seat, 

and a hinged self-closing seat cover. If the construction is entirely of 

wood, tongue-and-groove lumber should be used for these parts of the 

structure. 
The Concrete Slab-and-bowl-type Privy.8—This is the most satis¬ 

factory construction for a pit-type toilet (Fig. 31)'. It employs a precast 

reinforced-concrete slab and bowl resting on four precast reinforced- 

concrete sills, laid level on solid earth. The sills extend beyond the 

corners to ensure a firm foundation and to prevent erosion of a sandy 

Jig. 31.—Concrete slab-and-bowl-type privy. 

foundation with winds. 1 he concrete should be poured on a smooth 

even floor and carefully tamped, and the concrete surface finished. 

Excavated earth should be used to mound around the building up to the 
floor level. 

The bowl should be set in one corner for roominess, a hinged two-ply 

wooden seat is constructed for the bowl, and a self-closing hinged cover 
confines odors and keeps flies out of the vault. 

The privy pit is usually 3 feet G inches by 3 feet 6 inches hv * W 
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The building walls may be surfaced rustic and painted. Space • 

beneath the roof may be left open all round for ventilation. The open¬ 

ings may be screened, and the door should be of the self-closing type to 

keep out flies. 

IMPROVING ROADSIDE APPEARANCE OF DAIRIES 

Public respect for milk and the dairy business depends somewhat on 

the appearance of dairy surroundings as well as upon care in the produc¬ 

tion and distribution of the product. 

Fig 32 —Commercial market-milk dairy, awarded plaque for roadside appearance. 

Note plaque exhibited on a post near the road. (Courtesy of Thos. D. McHale Manu¬ 
facturing Company.) 

~ 

Pleasing roadside appearance is particularly important if the dairies 

are near the city where they are more often seen by the consumers. 

In 1935 the California Dairy Industries Association adopted a plan of 

issuing a plaque to producers whose premises scored 90 points or above 

according to the score card adopted by the organization. The award 

consisted of a neatly lettered metal plaque (Fig. 33). 
The first plaques were awarded in a market-milk producing area near 

Los Angeles. Later, they were awarded to dairymen supplying San 

Francisco and adjoining cities. The dairymen in other areas have now 

been scored, and plaques awarded. Altogether, 413 plaques were 

lAN Score Card^for Roadside Appearance.—The score card adopted for 

rating dairies is based entirely on the appearance of the premises as seen 

fr° Thed^re scored by a committee composed of a health-depart¬ 

ment representative and two laboratory- or ficldmen representing d.ffeicnt 
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Score Card for Rating Roadside Appearance 

1. 

2. 

3. 

4. 

Item 
Perfect Score 
score allowed 

Arrangement of buildings and corrals.. 
Proper relationship of buildings as to grouping, placing of 

corrals, water tanks, pump houses, etc. 
Old machinery or machinery out of place. 

This item includes wagons, harrows, plows, dirty wheel¬ 

barrows, etc. 
Water holes. 

Any stagnant or unsightly water hole other than fishpond, 

reservoir, or water garden 

Dirty cows. 
Any cows or calves smeared with dirt, mud, manure, etc., in 
corrals along the roadway or visible from the highway 

5. Roadway to house and dairy buildings. 
Well graded, freedom from dust and weeds, uniform surfac¬ 

ing, neat appearance 
G. Dirty corrals and bad odors. 

Accumulation of wet manure, filthy feed platforms, or where 
manure has not been removed within reasonable time 

7. Manure piles and fertilizer plants. 
Any pile of manure visible from the roadside (deduct accord¬ 
ing to size) 

8. Pigs, chickens, goats, or other than dairy stock. 
. Includes stray dogs, cats, or large numbers of either running 

at large 

9. Piles of rubbish (all kinds), rusty containers. 
Trash, combustible or noncombustible, piles of rock, broken 
concrete, etc. Rusty containers includes milk cans, pails, 
rubbish burner, oil drums, oil burners, or boilers. (Does not 
apply to neatly piled lumber or ties.) 

10. Weeds. 

Phis item includes all weeds and grasses growing along public 
highway, driveway, or around buildings, which lend an un- 

6 

6 

9 

G 

9 

9 

sightly appearance from the roadside 

11. Fences—unnecessary (3), broken or poorly constructed (6), un¬ 
painted or not whitewashed or oil-treated (3). 

This item applies only to fences showing to the public imme¬ 
diately adjacent to the house, dairy buildings, or corrals. 
Painting or whitewash or oil treating is to apply to all fences 
visible from highway and belonging to the dairy. Board, 
barbed wire, woven wire, picket, or any one or any combi¬ 
nation of fencing is satisfactory if straight, tight, and properly 
constructed and neat in appearance 

12. Appearance of buildings. 

I inform type of exterior construction. Clean—painted uni- 
ormly or whitewashed. Deduct for signs not pertaining to 

dames or dairy products on buildings, fences, or water tower 
Deduct lor water towers out of plumb or leaking tanks 

X 
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Score Card for Rating Roadside Appearance.—(Continued) 

Item Perfect 
score 

Score 
allowed 

13 Landscaping. 1G 
Landscaping applies to the area immediately surrounding the 
home and dairy buildings. This item does not apply only 
to the extent of landscaping but to the neatness and attrac¬ 

tiveness 

Total score . 100 

Date.Judge. 
Dairy must make score of 90 or more to receive plaque 

milk companies. Before preparing the score card the judge is directed to 

drive past the dairy to observe conditions on both sides and in front of the 

buildings, obtaining as nearly as possible the impression gained by the 

traveling public on the highway. The dames are rescored once each >. ■ 
If the necessary standards are not maintained, the awards are w.thd, awn 

and the plaques removed. No consideration is given in this score ca d 

the sanitary quality of the milk produced; tins item is covered by the 

regular inspection services of boards of health. 
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Promoting Applications for Award.—The city dairy inspectors and 

field representatives of milk distributors encourage dairymen with 

attractive premises to apply for the award of merit. The dairies are then 

scored by the judging committee composed of one health-department 

inspector and two representatives of commercial companies. If the farm 

reaches the required rating, the Dairy Industries Association awards a 

certificate and a plaque without charge. The milk dealers who buy 

from the dairies have been willing to pay for the plaques and for the pole 

or post on which they are mounted. In some cases the name of the com¬ 

pany that buys the milk and pays for the plaques has its name stenciled 

on the post upon which the plaque is mounted. 
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CHAPTER VIII 

COUNTRY MILK-RECEIVING STATIONS 

Farmers producing milk near the city where the product is consumed 

may economically ship in cans to the urban pasteurizing plant. The 

quantity of milk required for use in large cities is, however, so great that 

the milk must be produced on hundreds or thousands of dairy farms, 

some far from the cities. The average dairy supplying market milk to 

New York, N.Y., is reported to maintain a milking herd of 15 to 18 cows. 

The dairies are located in five different states, and those farthest away 

-ship 400 or 500 miles to market. The cream supply for some cities comes 

even farther. 

In such milksheds, therefore, the city dealer usually operates country 

milk-receiving stations in the dairy districts. Here the milk is assembled, 

graded, weighed, sampled, tested, and cooled before being transported to 

the city. It is then shipped in cans in refrigerated cars or in bulk by 

railroad or tank truck. In some localities, country receiving stations 

are operated by producers through their cooperative organizations. 

Advantages of Country Milk-receiving Stations.—The most con¬ 

venient and economical method of shipping from the country to the city 

pasteurizing plant is by tank trucks driven over the highways or in 

tank cars transported by rail. These systems are most satisfactory when 

the country station accumulates enough milk to fill the tank of the size 

used for transportation. If the volume of milk at one station is not 

sufficient, tank cars or tank trucks may be filled at two or more stations. 

Where market milk is produced on small farms, the facilities may 3e 

limited for cooling it to a low temperature and for properly sterilizing the 

cans and utensils. Direct shipments in cans for long distances cannot be 

made under such conditions. With the operation of country receiving 

stations the buyer can grade the milk at the receiving platform when it is 

delivered and reject milk of poor quality and prevent its being mixed w 

the general supply. He can also visit the farms from which pool qi. > 

is delivered and assist the owners in improving their product. 

are then returned immediately to the hauleis. 
128 
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Location of Country Receiving Stations.—The location of a country 

receiving station is important. Clement1 has listed the following con¬ 

siderations: (1) nearness of enough dairy cows to ensure an adequate 

volume of milk, (2) prospective competition for the milk supply, (3) 

ample supply of good water and facilities for sewage disposal, and (4) 

proper shipping facilities. 
Nearness of a Sufficient Number of Cows.—A country receiving station 

should be located in an established dairy section with enough cows avail¬ 

able to provide an adequate volume of milk. Clement has reported that 

a minimum of 10,000 pounds is required daily for economical operation 

of a plant. He reports a survey of milk-receiving stations supplying 

eight cities in which the volume handled daily varied from 4,137 to 

45,628 pounds, the average being 20,893. If milk is to be transported to 

the city plant in a tank truck, the country receiving station should have a 

volume output of 15,000 to 25,000 pounds a day in order to fill the type 

of tank truck generally used for transporting milk. Dairy farms should 

be close enough to the station to eliminate expensive long hauls from 

the farms; 8 to 10 miles is as far as patrons may be expected to haul over 

average roads. On hard-surfaced roads, a greater distance can be 

covered satisfactorily by autotrucks. 

Competition for Milk Supply.—W hen deciding on the location of a 

country receiving plant, one should consider possible present or future 

competition loi the milk supply. Competition from other city markets 

might be the most serious because of the different* prices of milk in the 

various cities. Operators supplying a city where milk brings a higher 

price could pay the farmers more for the milk they purchase If there is 

competition in buying milk for the same market, the principal hazard is 

the dividing of the supply in the territory so that the buyers do not 

leceive enough volume to permit economical operation. 

It is not desirable to locate a milk-receiving plant too near the city: 

wi i the expansion of population, the improvement of roads may lead to 

shipments from the farms direct to the city plants. Such competition is 
moie apt to occur during the season of scarcity of milk. 

II atn Supply ~An abundance of clean cold water is necessarv for the 

. ccessful operation of a milk-receiving station. Well water is'safe for 

wasmng he patrons’ cans, together with coolers, vats, and other equi^ 

being1Ipo^ibly1'exposed6 tor<contandnationPei^frijfS ?ess satisfactory, 

crasar - - 
the "f" 

particularly in plants where the can-rinse water “ 
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Country receiving plants often do not have access to a city sewage system. 
I o deposit sewage in a stream is undesirable unless there is a large body 
of water; and in some states the practice is illegal. 

In selecting the location for a new milk-receiving station, one should 
consider possible drainage outlets. An optimum site will utilize a stream 
that provides adequate dilution. Sometimes, under certain restricted 
conditions, dairy wastes may be disposed of by broad irrigation, or run 
into furrows and allowed to soak away. In this case the ground should 
be cultivated in rotation, and crops grown to utilize the moisture. 

Where better means are not available, raw sewage can best be dis¬ 
posed of in septic tanks or cesspools. Septic tanks are usually preferable, 
for cesspools are unsatisfactory except in porous soil. 

Disposal of Dairy Wastes.—The disposal of wash water from the milk¬ 
receiving station may be difficult in some locations, particularly if the 
can-rinse water is of considerable volume. Receiving stations are often 
located in small communities, whose sewage system is too small for ade¬ 
quate dilution of the dairy wastes. In such situations dairy-plant 
operators are sometimes restrained from using the city sewer system 
unless the wastes are first treated to remove a portion of the milk solids. 

In the assembling and processing of milk at country stations, several 
types of plant have been developed. The refuse from these has been 
broadly classified by Walker as (1) fresh-milk wastes, (2) buttermilk 
wastes, and (3) wheys from cheese and casein. These wastes vary from 
highly diluted can washings containing alkali washing solutions to 
undiluted skim milk, buttermilk, and whey. Some large country plants 
retain surplus milk and utilize it for manufactured dairy products, thus 
reducing transportation costs. Wastes from butter, cheese, and casein 
manufacture often require special treatment. 

In a stream, these wastes may be actually beneficial to the plant and 
animal life present or, conversely, may seriously injure fish, spoil the 
water, or develop offensive odors that constitute a public nuisance. 

At the smaller country stations where manufactured dairy products 
are not prepared, dairy wastes may be deposited in running streams if 
there are no legal restrictions and if the volume of flow throughout the 
vear will so dilute the waste that it will not become a nuisance. 

Oxygen tests of the diluting water and of mixtures of raw-milk waste 
and diluting water, as reported by Walker,2 showed that 1 volume of 
water to 14 parts of brook water having 7.2 parts per million of available 
oxygen would be required to dilute 1 part of the waste sufficient y when 
99' volumes of water was added. Walker further reports that, if allowance 
is made for the absorption of oxygen from the air, less brook watei won 

On the basis of limited studies, the minimum oxygen requi c 
to prevent distress, is about 1.5 parts of oxygen to 

( 

is 
be needed, 
ment of fish life, 
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1,000,000 parts of water. The milk wastes may kill fish through suffoca¬ 
tion by using up the available oxygen in the water. 

As has been pointed out, the recovery of oxygen in brook water 
through the growth of plants may be very great. 1 his, theicfoie, is a 
matter for consideration in judging the detrimental effect of dairy wastes 
deposited in streams. 

When large amounts of milk solids, such as those of buttermilk and 
whey, are present in the drainage water, the problem ol waste disposal 
becomes more difficult. Walker2 has described the chemical treatment 

Fig. 34. Country receiving station. Note the truck loading milk for shipment to the city 
pasteurizing plant. 

of such wastes with ferric sulphate and lime to precipitate the protein 
The solids are then settled out and held in septic tanks designed to hold 
1 to 3 days’ flow of waste. The effluent from this treatment may he dis- 
c larged, without objection, into the city sewer systems or into streams 

After studying the wastes from a milk-shipping plant, Cavenaugh* 
ound that a mixture of four parts by weight of ferric sulphate and three 

parts of finely ground limestone, added to milk wastes, caused complete 
precipitation of the proteins. One pound of the mixture clarified 000 
gallons of the waste water. ’ 

Trickling Filler, for Dairy Wastes.-SM and Zeller* used lath filters 

sSs=, rra K £z 
wooden hameworkhft 0^00^^”™ T^T iT ,8Upportad b>' a 
-ium was 5 feet. Onl 
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them through the filter without preliminary treatment other than grit 

removal or passage through a combination grit chamber and grease trap. 

The latter device should be cleaned frequently. Stone or traprock 

filters may also be used. 

If considerable waste water must be disposed of, one should usually 

consult the appropriate local authority or its health officer before con¬ 

structing a new station. 

Shipping Facilities.—The transportation of market milk in bulk by 

tank trucks is increasing in many city milksheds; the receiving stations 

concerned should be near a good road. Where the milk is to be shipped 

by train, the receiving station should adjoin the railroad so that the 

milk may be pumped or drawn into tank cars or loaded in 10-gallon cans 

into insulated or refrigerated cars. 

FLOOR ARRANGEMENT AND OPERATION OF A COUNTRY MILK STATION 

The general arrangement of a milk-receiving plant should provide for 

weighing the milk in at one side of the building and taking the cooled milk 

out from the opposite side. 

Fig. 35.—Country mUk-receiving station, showing and ventilators 
budding and the tank-truck driveway to the tight. Note™s 
Stable tor a one-story building. The floor plan ,s shown m Ftg. 30. 

The milk received from the farms should be placed on a conveyer 

station, i j time> This system keeps a supply 
to be placed upon it at the sam As the milk reaches 
available at the receiving room and prevent d y _ ^ for 

the receiving room on the conveyei, e Babcock test 
quality, dumped into the weigh tank, and sampled loi 
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and the weight of the milk is recorded. It is then released and allowed 

to flow to the receiving vat below, whence it may be pumped over a 

surface cooler or through an internal tubular cooler. The latter type is 

commonly used where the milk is shipped in tanks, the advantage being 

that one pump forces the milk through the cooler under pressure and into 

the tank truck, the tank car, or an insulated storage tank in the plant, 

whence it is later allowed to flow by gravity into the tank truck or car. 

Where milk is shipped in cans, the cans are usually filled directly from the 

surface cooler and then transferred outside the building on a conveyer to 

Conveyor milk infake Reject conveyor 

FLOOR PLAN 
Country Milk Receiving Plant 

5 10 15 0 
I—L 

20 
i i 

Scale in feet 
Fig. 36.—Floor plan for a country milk-receiving and -cooling station from which milk is 

shipped to the city plant by tank truck. 

motor trucks or railroad cars or into cold storage if these have not 
arrived. 

After being emptied at the receiving room, the patrons’ cans are 

passed through a washer and sterilizer, whence they pass on a conveyer 

to the outside of the building. Here they are collected by their owners 

and returned to the farms. With this arrangement, one set for the night 

and morning milkings will suffice for each producer, and the haulers can 
keep track of their cans without loss. 

The milk samples are usually tested at the receiving station, and 

weights and tests reported to the patrons direct. As a check against 

errors, during each day’s operation, receiving-station operators usually 

take a composite drip sample from the pipe line leading from the milk 

cooler to compare with the total fat purchased from the patrons. 



134 THE MARKET-MILK INDUSTRY 

Much labor can be saved in the milk-receiving room if the cans of 

milk are brought to the weigh tank by conveyers at such an elevation 

that they may be emptied by tipping over a dump bar. This and other 

receiving-room equipment is described in detail in Chap. XII. Like¬ 

wise, milk-cooling apparatus and the cooling of milk are discussed in 

Chap. XVI. 
Refrigeration.—The milk received at a country station should be 

cooled quickly and shipped soon to the city plant. The capacity of the 

cooling equipment and the refrigeration should therefore be ample to 

handle the maximum volume of milk received during the flush season of 

production. 
A choice may be made between two systems of refrigeration: (1) 

direct expansion, in which the ammonia refrigerant passes directly 

through the coils of the milk cooler; and (2) the brine system, in which 
the direct-expansion coils are located in a brine tank, and the cold brine 

is pumped through the coils of the cooler. 
Where direct-expansion refrigeration is applied to the cooling ol milk, 

a larger capacity machine is usually installed, for it operates only during 
the milk-cooling period. With the brine system the ammonia com¬ 
pressor may be operated several hours, and the brine brought as low as 
15°F. before the milk cooling begins. In this way, refrigeration is storec 
in the brine through a longer operation time, and a smaller compiessoi 

may be used. . , , 
Milk from the farms should reach the receiving station at a tempera- 

ture not exceeding 50°F. In summer, some may be delivered at a 
temperature as high as 60°F. If milk is received at 60 and cooled and 

stored at 35°F then, 4 hours for the cooling operation being allowed 

Sand20 pLcent'ioss in ’refrigeration, when the milk is 
after cooling, the size of the machine necessary for 5,000 ga ommi m.lk 
would be 25 tons capacity if direct-expansion coolers are emp oyed^^ 

According to Bowen,5 the same milk cooled with the , 

the machine being operated 8 hours a day, would being 
machine of 15.6 tons capacity, 50 per cent loss m refngeration 

expansion, brine storage, or a combination may be used for 

maintaining low temperatures in cold-storage looms ating a 
General Equipment-The eqmpment necessary 

country milk-receiving station <P™ s ,UKi t^e operator’s preference, 
the size of the dairiesi supplying m mi ^ ^ would naturally 

A receiving station handling • , receiving 10,000 to 20,000 
require equipment ol larger capaci y cars would have 
pounds; and a plant 1 reporting ml^ u^ ^ ^ ^ in cans. 

different requirements from one no 
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The general requirements for receiving and cooling the milk and for 

cleaning and sterilizing the equipment would, however, be similar. 

Figure 37 illustrates the arrangement of the equipment in the milk 

room of the receiving station shown in Pig. 35. 

FlG; 3L- The arrangement of the equipment in the milk room of the receiving station 
shown in Fig. 35. (.4) Pump used for forcing milk from the receiving vats below the weigh 
tank through the plate cooler (B) and into the storage tanks (C). The milk pump D is used 
foi pumping the cold milk from the storage tanks into the insulated tank truck, left standing 
in the driveway beyond the end wall. k 

Clement1 has recommended the following equipment for a receiving 

plant to receive 3,000 gallons of milk daily, the milk to be shipped in 
tanks. 

One automatic-dial scale (suspended type) 
One two-compartment weigh can (capacity 1,000 pounds) 
One receiving vat with cover (capacity 400 gallons) 
One milk pump (capacity 12,000 pounds per hour) 
One milk cooler, surface or internal tubular (capacity 12,000 pou 
One motor-driven can washer, either straightaway or rotary, „ 

drier, lor washing producers’ cans 
One 50-horsepower boiler with accessories 

One 20-ton compressor, with accessories and 40-horsepower mote 
One brine tank and brine pump 

One 3,000-gallon insulated milk-storage tank 

per hour) 
steamer and 
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One well pump (if necessary) 
Washtrays for utensils and milk pipes 
One 30-bottle Babcock tester, with sample bottles, etc. 
Necessary steam and water, piping, and fittings 

If the milk is to be cooled by a direct-expansion cooler, a brine tank 

and brine pump will not be required. 

The approximate total cost of this equipment would, according to 

Clement, be 112,000 to $14,000. 

As a precaution against contamination of the milk in the plant by flies 

and dust, the weigh tank and all milk vats should be protected with 

metal covers. It is also easier to sterilize such vats properly with steam 

when they are closed with a cover flanged down on the edges to hold it in 

place. 

COST OF HANDLING MILK AT COUNTRY STATIONS 

The unit cost of operating a country station depends mainly on the 

volume of milk received. With a smaller volume, the cost of operation 

per 100 pounds is usually much higher than in plants with a large output. 

Clement1 has reported on the cost per 100 pounds of operating 47 sta¬ 

tions from which the milk was shipped in cans. A plant receiving 32,895 

pounds of milk had a total operating cost of 20.45 cents per 100 pounds, 

whereas with a volume of 3,655 pounds the cost was 40.91 cents pei 100. 

The total expense of operating other plants having volumes between 

these limits is shown in Table 33. 

Table 33.—Operating Costs per 100 Pounds of Milk Received at 47 Receiving 

Stations from Which the Milk Was Shipped in Cans_ 

Milk 
received 

daily per 
plant, lb. 

Total 
Cost for labor only 

Range of daily milk 
receipts (pounds) 

Plants 
operating 
cost per 
100 lb. 

Per 100 lb. 
of milk 

Total oper¬ 
ating cost, 
per cent 

£ non or loss . 4 3,655 $0.4091 $0.2235 54.7 
52.5 
52.3 
53.5 
45.4 

c on! 10 000 . 19 7,279 0.2466 0.1290 

10 001 20 000 . 20 13,352 0.2106 0.1095 

on nm “in 000 . 2 21,295 0.1747 0.0922 

qo non .... 2 32,895 0.2045 0.0931 

Total or average. 47 11,242 $0.2403 $0.1257 
_ 

52.3 

shipped in tank trucks has also been studied by Clement (table 
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Table 34—Operating Cost per 100 Pounds of Milk Received at 79 Receiving 

Stations from Which the Milk Was Shipped in 1 ank 1 rucks1 

Milk Total 
Cost for labor only 

Range of daily milk 
receipts (pounds) 

Plants 
received 
daily per 
plant, lb. 

operating 
cost per 
100 lb. ' 

Per 100 lb. 
of milk 

Total oper¬ 
ating cost, 
per cent 

5 3,580 
7,984 

$0.1740 $0.1247" 70.0" 

5 001-10 000 . 30 0.1291 0.0650'' 59.9* 

10 001-15,000. 19 12,510 
17,137 
24,313 
58,144 

0.0964 0.0575® 58.2® 

15 001-20,000. 14 0.1070 0.0532'' 46.8'' 
20 001-30,000. 8 0.0884 0.0476c 53.8* 
Over 30 000. 3 0.1006 0.0551' 52.3' 

Total or average. 79 13,976 $0.1150 $0.0620® 56.5® 

<* 3 plants. 

0 16 plants. 

e 14 plants. 

d 10 plants. 

1 5 plants. 

I 2 plants. 

o Average of 50 plants. 

as 



138 THE MARKET-MILK INDUSTRY 

Evidently, the labor cost may be greatly reduced where milk is prepared 

at the receiving station for shipment in tank trucks. 

All costs were lower at plants using tank trucks than at plants shipping 

the milk in cans. In the latter type the labor cost was twice that in the 

former because of the extra labor of washing and filling shipping cans and 

loading them on the cars and trucks. In these plants, also, the total 

operating cost was reduced when an increased volume was handled. 

The operating costs per 100 pounds of milk handled as influenced by the 

method of shipment and the volume handled are shown in Fig. 38. 

Clement’s data show that in general the cost of operation decreases 

rapidly until a daily output of 10,000 to 12,000 pounds is attained, 

depending on the type of plant, and from that point continues to decrease 

gradually as more milk is handled. 

Division of Expense.—For 1 year the division of expenses for operating 

20 country receiving stations controlled by one organization using tank 

trucks was as follows: 

Item Per Cent 

* 

Ammonia and oil.. 

Coal. 
Tank repairs. 

Ice. 
Power. 

Rent. 
Repairs. 
Office salaries. 
Salaries of superintendents. 

Wages. 
Laboratory expense. 
Automobile expense and travel. 

Insurance. 

Taxes. 
Stationery. 
Telephone. 
Miscellaneous. 

Total. 
The buildings and equipment at most of the plants were 

. 0.7 

. 7.7 

. 1.4 

. 4.6 

. 3.7 

. 1.1 

. 4.7 

. 4.4 

. 9.7 

. 29.4* 

””. 3.4 
. 13.4 

. ’.. 3.5 
**. 1.3 
. 0.4 
. 2.4 
. 8.2 

. 100.0 

owned by the organization. 

The division of expense for four of the plants for which these data 

were secured is shown in the Table on page 139. 
The costs at plant 3 were exceptionally low. Th.s plant was com¬ 

paratively small in relation to the quantity of milk handled, but was 
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T\ble 35—Milk Handled and Division of Operating Expenses for 1 ^ far 

at Four Plants from Which the Milk Was Shipped in Tank Trucks1 

Item 

Expenses for plant 1, 
handling 6,537,400 lb. 

of milk 

Expenses for plant 2, 
handling 6,229,600 lb. 

of milk 

Per year 
Per 100 

lb. 

' 

Per 
cent 

Per year 
Per 100 

lb. 

Per 
cent 

Oil jvnrl ammonia $ 17 15 80.0003 0.3 $ 223.47 $0.00358 3 2 

Fuel. 590 10 0.0090 10.0 1,103.20 0.01771 15.5 

Power and light. 733.88 0.0112 12.5 116.28 0.00187 1.6 

Repairs. 840.70 0.0129 14.3 1,324.01 0.02125 18.6 

Rent and taxes. 42.76 0.0007 0.7 270.10 0.00434 . 3.8 

Salaries and wages. 3.242.32 0.0496 55.1 3,332.92 0.05350 46.8 

Miscellaneous. 419.64 0.0064 7.1 748.12 0.01201 10.5 

Total. $5,886.55 $0.0901 100.0 $7,118.10 $0.11426 100.00 

Item 

Expenses for plant 3, 
handling 5,230,800 lb. 

of milk 

Expenses for plant 4, 
handling 3,247,600 lb. 

of milk 

Per year 

•* 

Per 100 
lit. 

Per 
cent 

Per year 
Per 100 

lb. 
Per 
cent 

Oil and ammonia.. $ 14.60 $0.0003 0.3 $ 14.55 $0.0004 0.2 
Fuel. 526.51 0.0101 12.6 875.38 0 0270 13.4 
Power and light.... 579.45 0.0111 13.9 724.38 0.0223 111 
Repairs. 310.17 0.0059 7.4 956.22 0.0294 14.6 
Rent and taxes. 30.00 0.0006 0.7 838.18 0.0258 12.8 
Salaries and wages.. 2,380.77 0.0455 57.1 2,593.75 0 0799 39.7 
Miscellaneous. 331.99 0.0063 8.0 538.75 0.0166 8.2 
Total. $4,173.49 $0.0798 100.0 $6,540.74 $0,201? 100.0 

factors explain this higher cost: (1) the small volume of milk handled and 
(2) the operation below the capacity of the plant. The latter factor 
resulted in an increased unit cost for labor, fuel, power, and rent 

Ti cost studies of country receiving stations operating in the Boston 

m/ ‘sked’ ,lt reported that the cost of operating selected stations 
o certain dealers was 17.2 cents per 100 pounds, and the weighted average 
o all stations studied was 20 cents per 100 pounds of milk handled. The 

s irmkage flom operation was reported to be 1.25 per cent. 

grading milk at the receiving platform 

For many years, milk-receiving-station operators have graded raw 
m.lk when ,trece.ved from the farm., and have supervised i^rcxUctioI 
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for the purpose of safeguarding the sanitary quality. Best results in 

grading can be obtained when unsatisfactory milk can be detected on the 

receiving platform and the findings pointed out to the person delivering it. 

The milk from the farms is brought to the collecting station by the 

producers or contract haulers each morning. The cans are placed on the 

intake conveyer or on the floor of the receiving room, where each is 

examined. Many operators employ a fieldman to grade the milk as it is 

received and to reject any that does not meet the standard. The fieldman 

usually visits the farms during the afternoons to assist dairymen who 

may be having difficulty in producing the quality desired. This system 

of grading and inspection by the buyers is required by certain health 

departments, and the procedure is checked occasionally by the city 

inspectors. 
s/Grading at the receiving station consists in judging the quality for the 

following conditions: (1) odor of the milk, (2) temperature, (3) sediment, 

and (4) bacterial content. 
Odor of the Milk.-fWhen milk is produced from normal cows under 

ideal conditions, where the feeding of the animals is controlled, the 

equipment properly sterilized, and the milk cooled to a low temperature, 

it will be free from odors.» Such milk can be secured from producers who 

maintain large herds and who are fully equipped and willing to apply 

the technique necessary. 
Unfortunately, the milk supply for many cities is produced from a 

larger number of small herds. As milk production is often only one ot 

several sources of income, less attention is given to the dairy enterprise. 

Also there is less incentive for the small operator to provide satisfactory 

sterilizing and cooling equipment and less interest in applying the tech¬ 

nique known to be desirable for producing superb flavor. (Because o 

thl situation, some odor is often present in market milk delivered to 

countrv receiving stations, f ? 

I The odor test is an excellent guide for judging the acceptability of 

milk on the receiving platform. The tester simply remove^the cover 

from each can and smells the inside surface of t le cover,. among 
•n * tu tnn of the can With practice, one can differentiate among 

on the grading blank and reported to the producer f the odors 

^^Temperature Tes“ Imp—eacl pitmn’s milk should be 

determined at the time of ^fjlk °fofth^roIctTan evening 

especially important for mar. f u A f e being delivered the next as * * 
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shipped a distance to market and kept two or three days must be held at 

a low temperature from the time of production. 
An experienced fieldman can identify milk above the desired temper¬ 

ature standard by placing his hand on the can. In case of doubt, he 

may place a hand thermometer in the milk. It is common practice to 

reject and return any milk that shows a temperature of 60 F .^) 

Milk from farms that use proper cooling equipment will require less 

attention when delivered. If a temperature-indicating thermometer is 

installed on the weigh tank with a stem and bulb that reach nearly to the 

bottom of the tank, the temperature can be observed by the operator with 

minimum effort. When each patron’s milk is poured into the tank for 

weighing, the temperature will be shown on the dial of the thermometer. 

It can therefore be quickly read and recorded on the weigh tag, a copy 

of which is supplied to the farmer. If the producer receives a daily 

report of the temperature, he will give more attention to this item. 

Sediment.-f Dirt or sediment in milk indicates carelessness in cleaning 

the udders. N Cows with inflamed udders or infected quarters (garget) 

may yield flaky material composed of leucocytes and epithelial cells. 

This may be observed when the usual tests for sediment are applied. 

Dust from stable air or feed that settles into milk will also be shown by 

the sediment test. 

£ In the several methods of determining the amount of sediment, the 

principle is always the same. A pint sample is taken after the milk has 

been thoroughly agitated. It is then forced through a 1-inch circle of 

cotton filter pad. The sediment collects on the top of the pad; and when 

it Is removed from the tester and observed, a measure of the cleanliness 

of the milk is obtained.) Figure 39 shows different types of tester for 

determining sediment. 

Samples for the sediment test may be taken from each can or from a 

mixture of the milk ol each patron after it is poured into the weigh tank. 

Milk suspected of poor sanitary quality should be tested from the can so 

that it can be rejected. ^For this purpose, special sediment testers are 

available. 1 hey consist of a hollow tube, having a volume of 1 pint, that 

reaches from the top to the bottom of the can. The tube is fitted at the 

bottom with a valve that holds a filter pad in place and with a plunger 

that draws the milk into the tube after thorough agitation. When the 

tube is filled with milk by drawing the plunger to the top, the milk is 

forced back into the can through the filter pad. This type of tester 

rJg* 39^ and F) 18 convenient for making sediment determinations 
oeiore the cans are emptied. 

1 he amount of sediment in milk may be closely estimated from the 

filter pads prepared for each patron’s supply. Some receiving-station 
ope! atom paste t he filter pad on a card and send it to the producer of the 
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milk from which it was taken, or they keep a file of sediment pads to 

show the care with which each producer handles his milk. 

The Dipper-strainer Test.—The dipper-strainer test for sediment was 

first used in New York for grading milk at receiving stations. The 

dipper has a long solid handle that will reach to the bottom of a 10-gallon 

can. Its bottom and side openings are covered with 100-mesh wire 

screen through which the milk passes as the strainer is moved through 

the milk in the can (Fig. 39£). 

Fig 39 —Different types of testers for determining sediment in milK: VD wizaru seui- 
ment tester (B) Dippe, strainer. (C) Vacuum sediment tester. (D) Wisconsin scdi- 

ment tester.' (E) Evers sediment tester. (E) Monarch sediment tester. 

The procedure in using the dipper has been described by Jansen as 

follows: Place the dipper to the bottom ol the can on the opposite m o 

from which the operator is standing. Then pass the dipper two-t ur s 

of the way around the can, stopping and turning it quickly to face lit. 

current caused by that motion. It should be held m tins position a few 

seconds with the milk flowing through it and carrying the heavy sedimc 

into the strainer. This motion should not be too fast, or it will ia s 

heavy sediment over and above the dipper, giving unsatisfactory results 

forms. 
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After examining the milk in each can and recording the findings, the 

operator rinses the strainer in a can of cold water to remove the sediment 

and then sterilizes it in a can of hot water. 
The dipper-strainer test is used in each can, at weekly or monthly 

intervals. Like the sediment test, it identifies dirt in milk; but its 

principal advantage is that it can be used in every can at the rapid speed 

of receiving milk at a modern plant, and it shows more satisfactorily 

milk from stripper cows and cows infected with mastitis. 

v/Bacteria Test.—Market milk should be graded regularly according to 

the number of bacteria it contains when delivered by the producer. The 

test indicates the keeping quality and also the care that the milk received 

before delivery. Samples for bacteria tests are usually collected weekly 

or semimonthly. Three methods are used in estimating the bacteria 

content : (1) the standard plate method, (2) the direct microscopic test, and 

(3) the methylene blue test. 

The Plate Count.—Samples for making the plate colony count should 

be taken from each can after the milk has been mixed thoroughly with a 

sterile stirrer; or all milk received from each patron may be emptied into 

the weigh tank, and the sample collected from the mixture in a sterile 

sampling dipper. The latter procedure is ordinarily better, for it requires 

less time for taking the samples and the result from each method will be 

similar. When taking samples for official counts or when buying milk 

on the basis of grades, one must take the sampling from the cans before 
dumping. 

Either glass or aluminum tubes may be used for collecting milk 

samples from cans, a separate sterile tube being used for each can. Glass 

tubes aie less satisfactory because they become brittle after repeated 

sterilizations and because their ends may become chipped, it being thus 

difficult to procure a proper sample. The aluminum tubes are easily 

sterilized and are much more durable. The sampling tubes should be 

4 or 5 millimeters in diameter and 25 inches long so that they will reach 

to the bottom of the can. When the tube is placed in a vertical position 

m the can and the upper end is closed with the finger, a vertical section 
of the milk may be withdrawn. 

The sampling dipper used for taking milk from the weigh tank should 

he rinsed in cold water after each sample and then scalded in a can of 
water at 180 F. or above. 

Milk for bacteria determinations should be plated immediately or 

unUl plaied!'’1 * ® ^ COntainors and keP‘ at ice-water temperature 

1 he plate count for bacteria does not show all the organisms present 

milk, does not differentiate between the different kinds and types of 
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bacteria, and does not identify pathogenic bacteria. Thermophilic 

organisms do not ordinarily grow at the temperature of incubation 

specified in Standard Methods for examining dairy products.8 

The standard plate method is most widely used for enumerating 

bacteria, for the legal standards for milk require it. 

The plate method of estimating bacteria in milk is described in detail 

in Chap. XXV. 

VThe Direct Microscopic Method.—This method consists in counting, 

with the aid of a microscope, the bacteria in a stained milk film. Ordi¬ 

narily, each microscopic field makes visible the bacteria contained in 

1/300,000 milliliter of milk. A great many fields must therefore be 

counted to determine the number of bacteria in low-count milk. The 

method is sometimes used for grading manufacturing milk at the receiving 

platform; but it has less application in the routine examination of market 

milk, for this product usually contains fewer bacteria. When high 

counts are obtained by the plate-colony method, however, a further 

examination by the direct microscopic method will often indicate the 

cause of the condition. 
The procedure for making the direct microscopic, or Breed, count for 

bacteria in milk is described in Chap. XXV, together with its application 

for identifying the probable cause of high-count milk. 
yThe Methylene Blue Test.—When the dye methylene blue is added to 

milk and the milk is incubated at 37°C., the rate of decolonzation of the 

dye indicates the number of bacteria present. The method has limited 

application for the grading of market milk at the receiving platform 

however; for such milk usually contains fewer bacteria, and the dye wi 

not be decolorized in a reasonable time. ........ 
The details for conducting the test and a discussion of its limitations 

a,e Sampling'Milk for the Fat Test-One important duty oftto operator 

of the receiving room is to secure representative samples of milk for fa 

test The dairy laws in certain states require that persons weighing an 

sampling n“lk or cream secure a special license which is granted only for 

-pif ot1« 
be^representative of the lot, provided th^ri^^kmU, the 

have shown that many factor, 

are Tracvand Tuckey’ found that pouring milk into a small round weigh 

tank mixed"t LffiJntly so that a sample taken from any place m the 



COUNTRY MILK-RECEIVING ST AT IOAS 145 

tank was representative of the milk-fat content of the mixture. They 

also found that a rectangular weigh tank of larger capacity did not allow 

the milk to be mixed sufficiently by pouring to yield a representative 

sample when taken from the sampling hole in the cover located near the 

dump end. Samples from the dump end and the opposite end differed 

by an average of 0.2 per cent. Samples taken in the center were moie 

nearly representative and were nearly identical with those taken after 

agitation. The work confirmed that of Bailey.10 Experiments of the 

California Dairy Service11 show conclusively that, when milk is not 

stirred in the weigh tank after cans are dumped, there is no assurance that 

milk taken from any point in the weigh tank represents the true 

fat percentage of the lot. This was 

found to hold even when milk was 

delivered twice a day- The samples 

taken at the dump end of the tank 

tested lower than those collected at 

the opposite end, when there was a 

difference in tests. The milk taken at 

the center of the tank was more likely 

to represent the true test, but this prob¬ 

ability could not be relied upon. 

Mechanical agitators were necessary to 

ensure adequate mixing so that a repre¬ 

sentative sample could be taken with a 

dipper. In these experiments, five 

samples were taken simultaneously 

from the weigh tank immediately after 

the milk was poured into it. These samples were made according to the 

plan illustrated in Fig. 40. 

A series of 169 lots of milk samples in 25 different creameries was 

found to have maximum variations of the 5 samples of each lot ranging 

from 0.01 per cent to 1.50 per cent fat; 52 lots of milk had variations of 

over 0.1 per cent, with an average of 0.3180 per cent. The variations 

among the fat percentage of samples taken at different points in the 

weigh tank when the milk is not agitated permit two inaccuracies: (1) 

If samples are taken from the dump end of the tank the milk will test too 

low, and the producer will not be paid for all the fat delivered. (2) If 

samples are taken at the opposite end, the milk-plant operator will be 

paying for more fat than he receives, and the result will be a higher 
apparent fat loss. 

Mechanical agitators may lie purchased or assembled from parts. 

An agitator with two blades, each 3 inches wide and 7 inches long, tipped 

at an angle of 40 to 45 degrees and run at 40 to 60 revolutions per minute, 

Fig. 40.—Top view of weigh tank, 
showing location where samples were 
taken for fat analysis. 
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will thoroughly mix the milk in an ordinary weigh tank. A three-bladod 

agitator with blades of the size mentioned for the two-bladed type, but 

tipped at an angle of 35 to 40 degrees and run at 40 to 60 revolutions per 

minute, will likewise mix the milk satisfactorily. 

A 0.25-horsepower electric motor will provide sufficient power. The 

switch should be installed within easy reach of the weigher and sampler. 

The shaft of the agitator should be made in two pieces and so coupled 

together that the lower part of the shaft and the blade may be easily 

Fig 41 —Different types of milk samplers: (A) Dahlstrom proportional sampler. (B) 
McKay sampler. (C) Dipper. (D) Scovill sampler. (E) Fassett proportional samp . 

removed for cleaning and sterilizing after each day’s run. For most 

satisfactory results, the agitator should be installed near the center^o 

the weigh tank, and the blades should extend to within 1 inch of the 

bottom of the tank. . . ,, 
When all the milk of a patron cannot be emptied together into the 

weigh tank or if composite samples are taken over a 7- to 10-day period 

the samples secured must be an aliquot of each tank or shipment of m 

forder to contain proportional amounts of the different lots. When the 

™igh tank has straight sides and a flat bottom, a tube or milk thief 

may be used to secure proportional samples. Proportional samplers 

now available may be used for securing aliquot amounts of milk of 

rli ffprpnt weights Figure 41 illustrates such a device. 
“ the volume and test of a patron’s milk do not vary greatly tom 

££££—g cream or adding skim mil. 
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Sampling Cream for Testing.-The principle of aliquot sampling Ao 

applies to cream when several cans must be sampled for the fat te. . 

Usually, such samples are secured by the dipper rather than by the tube 

method because of the high viscosity of cream. Composite sweet-cream 

samples taken over several days will yield accurate results when properly 

Fig. 42.—Cabinet for storing composite milk-sampling jars. Each drawer contains the 
sample jars representing dairymen whose milk is collected by the same hauler. (Courtesy 
of Bowman Dairy Company.) 

made and cared for. When cream is delivered to the plant in a sour 

condition, composite samples may be collected for each patron’s shipment 

and tested as a separate sample for each delivery. 

Care of Composite Samples. As findings of Sanmann and Overman,12 

Tracy and Tuckey,9 and others have shown, 7-day composite milk 

samples properly taken and stored will test about the same as fresh 

samples. Care, however, is important; the milk should be stored in clean, 

dry bottles, and a tight-fitting rubber stopper should be used to prevent 
evaporation of moisture. 

Composite milk samples should be treated with a preservative to 

prevent deterioration from bacterial growth. For this purpose, corrosive 
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sublimate (mercuric chloride) tablets are usually employed. Because 

this compound is very poisonous, the tablets are prepared with a dye to 

color the milk to prevent its being used by mistake for food. One tablet 

is placed in each sample bottle before the first portion of milk is added. 

This first portion, placed in the bottle, should be rotated to dissolve the 

tablet. The sample bottle should be shaken before the second day’s 

sample is added to mix the cream in the milk. Care should be taken not 

to churn the sample. Formalin may also be used as a preservative. It 

is prepared by making a 40 per cent solution of formaldehyde with 

distilled water. One-half milliliter (15 drops) of this solution is used to 

preserve 1 pint of milk during a 7- to 10-day period. Another preserva¬ 

tive, less commonly used, is potassium bichromate. 

The composite samples should be stored in a cool place away from 

direct sunlight. Each patron’s bottle should be marked with a permanent 

number or label to prevent errors in identifying samples. A cabinet for 

holding composite samples is shown in Fig. 42. 

A refrigerated brine coil may be installed in the cabinet to keep the 

milk samples cold. 
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CHAPTER IX 

THE TRANSPORTATION OF MILK 

When the milk-producing farms were close to the city, the problem of 

transportation was simple: the dairyman hauled his cans to the plant with 

horse and wagon. Along with the cities, the milkshed expanded, and the 

problem became more important. The first development was direct 

shipment in baggage cars. Then followed, in 1872,1 the establishment of 

the first receiving stations, where milk was assembled in the country, 

cooled, canned, and shipped as carload lots in baggage cars. Later, 

special refrigerator cars were used; and finally tank cars. As highways 

improved and as automotive engineering advanced, truck and tank trucks 

became the most widely used conveyers. The relative importance of 

railway and truck transportation in 28 large markets in 1934 is shown 

in Fig. 43 and Table 3G. Since then, more milk has been hauled by 

truck and less by railway. In 1938, 46.74 per cent of the milk supply of 

New York City was shipped by rail, 53.23 per cent by truck. Except 

in the case of the large markets, most of the milk is now direct-hauled in 

cans by truck. In Detroit, Pittsburgh, St. Louis, and Baltimore, prac¬ 

tically all is shipped by truck, but an appreciable portion is assembled in 

receiving stations. The tendency now is to ship such milk by tank truck 
rather than in cans. 

FACILITIES FOR MILK TRANSPORTATION 

Early Transportation by Railroad—When the demand for milk drew 

upon production areas beyond the range of horse and wagon, transporta¬ 

tion b\ steam railroad began. According to Whitaker,3 our first trans¬ 

portation of bulk raw milk by railroad was in 1838, when milk was 

shipped into Boston on the Boston and Worcester Railroad. In 1842 

the first milk was shipped into New York City from Chester over the 
New York and Erie Railroad.1 

Early in the development of transportation of milk by railroad the 

cans went as regular baggage. Later, entire cars were used; and, finally 

special milk trains. By 1916, 21 specials of 8 to 25 cars each were running 

into New \ork City daily from distances of 49 to 295 miles 4 

The baggage car was largely replaced by the refrigerator car, first 
introduced in 1881.2 These first cars hold oon „ , ’. . ° • Auebe nrsl caib held 225 cans and were equipped 
vith passenger trucks to permit fast service. P 

149 
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Modern Railway Transportation.—Two types of railway car now 

carry milk: (1) refrigerator cars for cans, and (2) tank cars for bulk milk. 
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S oretoeeti? ,L> the farms by truck; and only 

m had more ihau 3 receiving stations from which they received milk.- 

otm 10-ganon Ini' The minimum carload freight rate in the different 

markets varies from 200 to 250 10-gallon cans. 
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T._. „ ofi_Percentage ok Milk Received by Railroad at 28 Markets, 191<> and 

T 1934 Truck Receipts and Numbers of Receiving Stations Tributary to 

City 

Received by 

railroad 

From 

receiv¬ 

ing sta¬ 

tions ' 

Per¬ 

centage 

direct- 

hauled 

Total, 

per 

cent 

Receiv¬ 

ing sta¬ 

tions, 

1934 
191G 1934 

New York, N.Y. 98 63 33 4 37 550 

Boston, Mass. 90 84 4 12 16 95 

Philadelphia, Pa.f. 87 31 36 33 69 84 

Chicago, Ill. f. 100 33 33 34 67 72 

Detroit, Mich.f. 74 0 97 3 100 54 

St. Louis, Mo. 75 0 49 51 100 29 

Pittsburgh, Pa. — 3 52 45 97 24 

Baltimore, Md. 75 3 49 48 97 16 

Cleveland, Ohiof. 95 0 10 90 100 9 

New Orleans, La. 65 33 17 50 67 9 

Los Angeles, Calif. — X 5 95 100 3 

San Francisco, Calif. 60 5 10 85 95 3 

Seattle, Wash. — o 10 90 100 3 

St. Paul-Minneapolis, Minn. — 0 10 90 100 2 

Kansas City, Mo. — 0 17 83 100 2 

Milwaukee, Wis. 60 2 3 95 98 2 

Washington, D.C. 50 X 9 91 100 2 
Columbus, Ohio. — 0 2 98 100 1 
Louisville, Ky. — 0 4 96 100 1 
Spokane, Wash. — 0 2 98 100 1 
Cincinnati, Ohio. 75 0 0 100 100 0 
Dayton, Ohio. — 0 0 100 100 0 
Des Moines, Iowa. — 0 0 100 100 0 
Indianapolis, Ind. 73 0 0 100 100 0 
Omaha, Neb. o o i nn i on n 

Portland, Ore. — 0 0 100 100 0 
Richmond, Va.. . . — 0 0 100 100 0 

Sioux City, Iowa. — 0 0 100 100 0 

* Data of Scanlan rearranged in order of number of receiving stations, 

t Includes receipts by electric railroad. 

% Less than 1 per cent. 

A modern all-steel 50-foot bunker-type refrigerator car for milk 

service appears in Fig. 44. Ice is placed in bunkers at both ends of the 
car through openings on the roof. 

Figure 45 shows the interior of the car with the shelves for tiering 

the milk or cream cans. The vents in the end of the car are for circulating 

cold air from the ice bunkers. Figure 46 shows the double-deck arrange- 

ment of the cans. Refrigerator cars carry cream and condensed milk 

rom the middle western states to the eastern seaboard markets as well as 

ti ansporting milk from the receiving stations that ship in cans. 
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Fig. 44.—Refrigerator car for transporting milk in cans. Note ice-bunker doors at both 
ends. (Courtesy of Pennsylvania Railroad Company.) 

■ig. 45.—Interior of milk-refrigerator car Note sne.vcsior nsylvania 
vents in end of car for circulating cold air from ice bunkers. (Courtesy oj re 

■oad Company.) 
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Tank Cars.—Tank cars for hauling oil, sirup, and other liquids were 

used for many years before being successfully applied to the transporta¬ 

tion of milk. The necessity for refrigeration, sanitation, and fast railway 

service doubtless explains the delay in this development. 

The first tank-car shipment of milk was made from Bellows Falls, Vt., 

to Boston in 1903,1 in steel tanks lined with a grayish Pfaudler enamel 

Fig. 46.—Cream cans in refrigerator car. Note arrangement for 
fCourtesy of Pennsylvania Railroad Company.) 

carrying two tiers. 

and mounted in a refrigerator car. In 1920 the Whiting Milk Company 

of Boston had a tank car constructed for bulk shipment. Consisting of 

two large glass-lined insulated tanks mounted on a flat car, it was long 

r“Ween Johnsonville> N.Y., and Boston. The railroad charged 
#15,368.85 per year for transporting this car between the receiving station 

and the market. The comparable passenger service cost for shipment in 

cans was $22,064.58 a year.1 Subsequently, other milk companies in 

various markets put a few tank cars of different types into service The 

mUkTos mil l tarm°nwCrTery Com^y in 1921 in transporting 
milk 105 miles between West Farmington, Ohio, and Pittsburgh and the 
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exhibition of one of these ears at the National Dairy Show started the 

important trend to the tank-car shipment of milk.1 The following year, 

three refrigerator glass-lined milk tank cars were put into service by the 

Wieland Dairy Company of Chicago. Each car had two 2,540-gallon 

tanks and the necessary pumping machinery. 

Fig. 47.—Modern milk tank car. (Courtesy of The Pfaudler Company.) 

48.-Vestibule of modern of The Pfaudler Company.) 

In 1922, there were about 13 railroad tank ^ ^f^mfurketg 

number had reached 340. 
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Figure 47 shows a modern milk tank car containing two glass-lined 
cork-insulated tanks, each holding 3,000 to 4,000 gallons. During 
transit in these cars the milk seldom varies more than 1 to 2 F. in tempei- 
ature. The tanks are mounted in refrigerator-type cars to protect them 
from dust and dirt and to assist in maintaining low temperatures within 
the insulated tank. If the cars are painted a light color, the interior will 
be several degrees cooler than if they are painted black oi a daik coloi. 

Motor Trucks—The motor truck for transporting milk was first used 
to replace the horse and wagon in local hauling in cans to receiving sta¬ 
tions and for short direct hauls to the city plant. As the highways 
improved and as trucks became more dependable, the direct hauls by 
truck became longer. As the distances increased, larger trucks and 
trailers were used, and the bodies were insulated. The next development 
was the tank truck, which paralleled the progress in tank-car construction. 

Transportation of Cans of Milk by Track.—All milk reaching the city 
plant has been transported in cans at one stage in the route to market— 
from the farm to the receiving station, or from farm to city direct. 
Trucks used for short local hauling either to receiving station or to city 
markets are of various types, depending upon distance, type of roads, 
size of routes, sanitary regulations, and perhaps other factors. For 
local hauling, it is customary to use a truck with stake or solid-rack sides 
and to cover the milk cans with a canvas. Holford5 recommends that 
the sides and ends extend at least b inches above the tops of the second 
tier of cans. This type is used near Los Angeles, where the dairies are 
close together, the highways are surfaced, and the' trip from farm to 
plant is short. 

W here the route is long and the roads are not paved, the milk needs 
more protection. The van type of truck with tight floors, sides, and top 
is then more satisfactory than thef open truck with tarpaulin cover. Often 
the tops of such trucks are insulated to reduce the temperature within the 
body. Ice may be placed on the cans during warm weather. 

For long distances, fully insulated bodies are used. Figure 49 illus¬ 
trates such a truck. 

Tank 7 rucks. The first tank truck for transporting market milk was 
used in California in 1912.* Tank trucks did not, however, come info' 
general use until 1918. Detroit was the only city served by an appre¬ 
ciable number of them before 1924; 65 of the 122 trucks hauling milk 
liere were of the tank type.* Only 3 of the 41 trucks hauling milk into 

milkTstrih i Tre °f SlU'!' a typo; and onlv one large Philadelphia 
ms The W r Tn, ‘° e received milk in tank trucks before 
tm, k chassis R Ti "T 8laSS‘Uned tanks m,»"'tcd on ordinary 
f ameslr the tUSe t<U,k tmcks round and the truck 

ames tall, the center of gravity on a loaded vehicle was high, and the 
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operation on grades difficult. « These first tanks were not insulated, but 

by 1922 insulated tanks became common. 

The modern truck chassis is designed for the tank, and dead weight 

has been eliminated. In 1929, elliptically shaped tanks were introduced; 

, , This tvpe of equipment is used for 

iport“rir;raX ** "°id9 
) gallons. (Courtesy of Borden’s Farm Products C ompany.) 

,wer center of gravity, ^lUa^dU) inew^ the cupac- 

for tank —iond 
ier than glass enamel, to eliminate weight and increase the mdk-load 

Fig. 49.— Milk truck with insulated body, used for direct shipment in cans to the city plant. 

(■Courtesy of Borden’s Dairy Delivery Company.) 
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capacity. Air pumps and mechanical pumps for loading and unloading 

have been made more sanitary. Outlet valves and manhole openings 

have easily handled dust covers. Mechanical agitators mix the milk 

before unloading or when the equipment serves as a storage tank. 

As the size of the trucks increased, special chassis with dual wheels 

on the rear were constructed; and later the three-axle chassis with dual 

Fig. 51.—Tank truck and trailer for hauling milk long distances from country receiving 
stations to the city plant. The tanks are stainless steel shells covered with 2 inches of cork 
insulation and an outer aluminum shell. The tanks may be divided with separate man¬ 
holes for each compartment. (Courtesy of Bowman Dairy Company.) 

. ,Fig- ^ d,ri™n semi-trailer tank truck, used for hauling milk from receiving 

cZZZe AsZZZn.) ^ CaPEClty 3’°25 gall°nS- (CW^ 0/ Dair^ 

wheels on the two rear axles was introduced. Semitrailers or tractor 

trailers are used for many tank-truck units. Figure 50 shows a modern 

semitrailer tank truck for transporting milk from a tank car at the rail- 

road terminal to the city plant. Such equipment makes the truck more 

useful; it can be detached at the plant, and the auxiliary wheels lowered 

to support the front of the tank trailer. The truck can then go to the 

aTZplant ^ WMe the first °ne is beinS unloaded 
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jrIG> 53—Tank trailers transported on railway flat cars-especially useful for “off the 
rail” city plants that do not have spur tracks. (Courtesy of Despatch Transportation 

Company.) 

. I truck and railway milk-transporting equipment. 
Fig. 54—A second type National pitch Corporation.) 
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Figure 51 shows the type of tank truck and trailer used for transport¬ 

ing milk long distances from country receiving stations to the city plant. 

Combination Tank-truck and Rail Shipment of Milk. A recent 

development in milk transportation has been the design of tank trucks 

to be shipped on railroad flatcars. One type of equipment is shown m 

Fig. 53. 
Two tank semitrailers are loaded on freight cars and drawn by tractors 

from the railroad terminal to the city plants, where the milk is unloaded 

without the usual transfer from tank car to tank truck. A special appli¬ 

cation of such equipment is useful in receiving stations in the moic distant 

parts of a milkshed, which may not be located on the railroad. If, for 

example, the receiving station is 300 miles from the city market and 

25 miles from the railroad, the tank trailers may be filled at the country 

plant, hauled by tractor to the nearest railway station, and loaded on 

freight cars. The milk is then transported to the city, and tractors haul 

the trailers to the-pasteurizing plant. 

Another type of combination truck and rail equipment is shown in 

Fig. 54. 

The tanks in Fig. 54 are unloaded at the city terminal on special 

trucks that transport them to the milk plant. 

DIRECT SHIPMENT OF MILK 

“Direct shipment” refers to transportation from the farm to the city 

plant as distinct from shipping out of a country plant or receiving station. 

^ ith this system, the milk is carried in cans. The 40-quart conventional 

size is standard in most markets, but there are other sizes. In the 

Philadelphia market, 46-quart cans are more popular.2 For convenience 

in discussion, two types of direct shipment are considered: (1) direct 

hauling, or hauling from the farm to the city by truck, and (2) direct 

shipment by steam or interurban electric trains. 

Direct Hauling. .1 he data in Fig. 43 indicate the importance of direct 

hauling by truck in many of our large markets. The fluid milk in the 

smaller cities is now practically all hauled directly from the farm to the 

plant. When the milkshed is close to the city, a»s in Dayton or Los 

Angeles, direct hauling is the most economical method. In Philadelphia 

the direct-haul area extends about 70 miles from the city (Fig. 55).2 

The milk from other areas in this milkshed is assembled at receiving 

stations and shipped largely by tank trucks and tank cars. About one- 

third of the milk sent to Philadelphia2 and about one-half of that going to 
ot. Louis are hauled direct.6 

Hauling Arrangements.—Most of the milk direct-hauled to all except 

he small city markets is collected from the farm or roadside in large 

trucks by commercial haulers. The trucks are operated by individual 
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truck owners, milk-producer cooperative associations, or distributors. 

In many markets the independent truck owners operate the routes and 

are paid by the association or dealers, who deduct the hauling charge 

from the price they pay for the milk. 

If the average production per farm is high and the farms are fairly 

close together, a large truck and trailer may accumulate the load and 

haul it to the city. If the average production is low, smaller trucks may 

haul the milk to a central loading point, where it is reloaded on large 

insulated trucks and trailers and so hauled to the cdy plant 

Direct-haul Rates.—Transportation rates are usually related 

distance a product is hauled. Local hauling to a "2 flat rate 
direct hauling to a small city market, however, is often done at a flat rate J r gXn or hundredweight, regardless of distance, volume or road 

condition. Where the distances of different producers are not maikcd, 

“JSSJrat r —s;; 
in a few markets, some milk is hauled on a 
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percentage-of-price basis.2 Where this system is used, the rate is usually 

10 per cent of the price. In certain markets, the volume shipped influ¬ 

ences the price. Under this system, there is a minimum charge for 

service; and as the volume is increased, the rate per 100 pounds is 

decreased. In some markets, producers on dirt roads arc charged more 

than producers on surfaced roads. In the larger markets the rates are 

usually based on distances from the city. Zones may be determined as 

road mileage or air-line distance from a central point, or two or more 

zones may be fixed on an arbitrary basis. 

Rates are often established by securing bids for hauling the milk 

collected on specific routes. Sometimes truck rates are established by 

state agencies. They are usually lower than rail rates in the short-haul 

areas. 

The rates charged in eight markets in the Middle West are shown in 

Table 37. 

Table 37.—Milk-hauling Conditions in 8 Markets7 

Market f Year 

Average 
rate per 
100 lb., 
cents 

Average 
distance to 
market, 

miles 

Number 
producers 
per truck 

Louisville, Ky. 1937 22.7 26.3 16 
Chattanooga, Tenn. . 1937 25.0 40.0 18 
Indianapolis, Ind. . . 1937 24.0 25.0 30 
Fort Wayne, Ind. . 1937 25.0 20.0 30 
Akron,, Ohio. 1935 20.3 18.2 36 
Columbus, Ohio. 1935 21.0 18.4 18 
Dayton, Ohio. 1935 26.6 16.9 42 
Portsmouth, Ohio.. . 1935 16.5 13.7 22 

Daily 
volume 

per truck, 
lb. 

3.600 
3.500 
3,000 
3,000 
4.200 
2.600 
3.200 
2.900 

Truck rates for the interstate shipment of milk and cream are shown 

in Table 38. These rates include the return of empty cans but do not 

provide for refrigeration during transit. Where refrigeration is required 
the shipper must pay for it. 

In the Los Angeles market, which has an unusual transportation 

problem, the rates are much lower than those shown in Tables 37 and 38 

LoseC,rnfatl39 *" °n° - the 
1 he rates are low because (1) duplication and overlapping in collecting 
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Table 38.—Rates, in Cents per 10-gal. Can, for Hauling Milk and Cream 

between Points in Colorado, Illinois, Indiana, Iowa, Kansas, Michigan, 

(Upper Peninsula), Minnesota, Missouri, Montana, Nebraska, North 

Dakota, South Dakota, Wisconsin, and Wyoming8 

Distance, miles 

Rate (interstate any quantity) * 

Cream Milk 

1 10 . 28 22 

21 25 . 30 24 

71 75 . 42 34 

96 100 . 45 36 

1Q1 200 . 60 48 

2Q1 300 . 75 60 

q«i 400 . 90 72 

481-500. 105 84 

* Tariff has no provision for refrigeration. Tariff provides for free return of empty containers. 

Tlble 39.—Rates for Direct-hauling Milk to the Los Angeles Market" 
i Rate per 10- 

Zone, Miles &al- Cents 

0- 25.. 

26- 40.. 
41- 60.. 
61-100.. 

101-125.. 

. 11 

. 15 

. 20 
. 25 

Reducing the Cost of Direct Hauling.—The cost of direct, hauling can 

usually be materially reduced by improved transportation method^ 

Amone the factors that make for high hauling costs are (1) duplicate 

and overlapping of milk-collecting routes, a condition that increases t o 

which may be some distance apart, (3) use■ - controlled by 
Where the marketing in a particular milkshed isi largely c 

one cooperative producers ajSSOC1^°^ “ appreciably. Routes may be 
hauling arrangements can reduce t 1 , ^ ; the milk after it is 

anTllds may Limited so that a truck 

may deliver all the “c^kly, atout^O.OOO could be saved 
According to Bartlett a mal.kct if milk routes from the 

annually by dairymen m • ^ the haui and to increase the 

farm to the city we^®aria ld be about $24 per farmer yearly 
volume per load. 1 his sat mg interurban—This method of 

Direct Shipment by Railroa Dairymen hauled to a railroad 
direct shipment was formerly importaut. Dairyir 
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platform, where the milk was picked up by a special train or by the 

baggage cars of regular passenger trains. Some milk may still be hauled 

thus for short distances if other methods do not exist. 
Comparison of Direct and Receiving-station Shipment.—As the area 

of direct shipment has been extended by the improvement of highways 

and trucks and as receiving-station areas are included on the routes, 

there has been competition between direct and receiving-station ship¬ 

ments. The presence of the receiving stations has limited the amount 

of milk available for direct shipment and prevented the organization of 

the direct-haul areas into the most economical collecting routes. Figure 

55 shows the number of receiving stations in the direct-haul area of the 

Philadelphia milkshed. Scanlan has compared the costs of the two 

methods of shipment from the 51- to 60-mile zone in the following 

example:2 

Rate per Cwt. 

Milk, Cents 

Receiving-station hauling: 

Local hauling. 20 

Receiving-station charge. 11.3 

Freight deduction. 21.7 

Total costs.. 53.0 

Direct hauling. 30.0 

Direct-haul advantage per 100 lb. 23.0 

this problem was based on 75 per cent of the milk’s being class I; the 

local hauling rate then applied to all the milk, whereas the receiving- 

station charge and the freight deduction applied to the class I milk only. 

If a terminal charge of 10 cents per 100 pounds were made for the direct- 

haul milk, the advantage over receiving-station hauling would be 13 cents 

per 100 pounds. As the proportion of class I milk increases, the deduc¬ 

tion advantage under the direct-haul method would also increase. If all 

the milk were class I, the full rate of receiving-station deduction of 15 

cents per 100 pounds and the freight deduction of 29 cents per 100 pounds 

would apply; and the total receiving-station cost would then be 64 cents, 

or 34 cents more than the direct-haul costs if no terminal charge were 

made. On the other hand, a decrease in the proportion of class I milk 
would reduce the advantage of direct hauling. 

When the change from receiving-station to direct hauling is made 

lowtner, the additional cost of more adequate cooling is incurred; for 

both evening and morning milk must be cooled to a lower temperature in 

order to reach the city plant in good condition. Ice or mechanical 

ie ngeration is required during much of the year, and the cost will 

average about 7 cents per 100 pounds of milk.’ The ex ra coo a 
cost, however, usually applies only to the morning milk. 8 
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The can cost is also greater for direct-shipped milk, for two or three 

sets of cans may be needed. 

RECEIVING-STATION SHIPMENT OF MILK 

Local Hauling.—The term “local hauling” refers to the bringing of 

milk to receiving stations. Before the motor truck became important, 

milk was hauled from the farm to the country station by horse and 

wagon. The area supplying a receiving station was limited, therefore, 

to the immediate vicinity of the station. 

As roads improved and as trucks became more common, the milk- 

producing area of the receiving stations increased. Larger volumes made 

possible the use of tank cars and tank trucks, which were then being 

developed. As a result, many receiving stations were closed, and milk¬ 

collecting routes were developed to serve the larger remaining stations. 

Dow, studying collection methods in Maine, found the average distance 

from farm to receiving station to be 12.5 miles.10 The changed condition 

made individual hauling to the station unprofitable unless the volume 

was large or the distance short. Spencer investigated local hauling costs 

in the New York milkshed.11 Table 40 is taken from these data. 

Table 40.—Costs of Individual Hauling and Rates Charged by Commercial 

Haulers in the New \ ork Milkshed, 1924 

Distance to point of delivery, 

miles 

Average costs for 

204 dairymen, 

cents per 100 lb. 

Average rates for 

69 commercial 

routes, cents per 

100 lb. 

12.6 12.3 

119 . 20.0 12.5 

OIQ . 23.8 13.2 

o id . 27.1 14.5 

41.1 
_ 

20.0 

According to Table 40 the dairyman cannot afford to haul his milk to 

the deceiving station if he must transport it more than 1 mile If 

must go more than 4 miles, a commercial hauler can do the work at half 

r.ns.—« 
collecting route to secure additional is used in transporting 

and self-hauling, a third more dairymen 
milk to the country plant. Under th y 

take turns at the hauling. established for different 
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The highest rate applies to the less-than-carload-lot (l.c.l.). T he carload 

(c.l.) rate is usually 80 per cent of the l.c.l., whereas the tank-car rate is 

about 70 per cent of the l.c.l. 
When l.c.l. shipments are made, the carrier loads the milk and supplies 

any necessary refrigeration. When milk is shipped at c.l. rates, the 

shipper loads the cars and pays for refrigeration.. 

Milk tank cars are not owned by the railroads. The shipper either 

owns them or leases them from the manufacturer. Leasing is more 

common, the rate being set per day or per annum, depending upon the 

individual arrangement. Since the railroads do not furnish the car, they 

pay the shipper 2 to 2.5 cents per mile traveled by the car in both direc¬ 

tions. This sum may go to either the distributor or the owner of the car, 

according to the terms of the lease. Tank-car lease rates are not avail¬ 

able, but one report12 indicates that $7 to $10 per day may approach the 

rates commonly charged. The basic l.c.l. rates on milk from the different 

zones in the New York milkshed are shown in Table 41. 

Table 41.-—Rail Rates (L.C.L.) per 40-quart Can of Milk in the New York 
Market13 

Distance, miles 
Rate per 40-quart 
can of milk, cents 

Rate of 1933 per 
Distance, miles 40-quart can of 

milk,* cents 

1- 10 20.0 
21.0 
22.5 
23.5 
25.0 
2(j.O 
27.0 
28.0 
29.0 
30.0 
30.5 
31.5 
32.5 
33.5 
34.0 

35.5 
35.5 
36.5 
37.5 
38.5 

201-210 
211-220 
221-230 
231-240 
241-250 
251-260 
261-270 
271-280 
281-290 
291-300 
301-310 
311-320 
321-330 

331-340 
341-350 
351-360 
361-370 
371-380 
381-390 
391-400 

38.5 
40.0 

40.5 
41.0 
41.0 

42.5 
43.0 

43.5 
44.0 
45.0 

45.5 
46.0 

46.5 
47.5 
48.0 

48.5 
49.0 

49.5 
50.0 
50 R 

11- 20 
21- 30 
31- 40 
41- 50 
51- 60 
61- 70 
71- 80 
81- 90 
91-100 

101-110 
111-120 
121-130 
131-140 
141-150 
151-160 
161-170 
171-180 
181-190 
191-200 



166 TIIE MARKET-MILK INDUSTRY 

include other cost items covered by the l.c.l. rate, such as refrigeration 

and car loading for shipping in cans or the tank-car lease rate and car 

upkeep for shipping by tank truck. 

Handling Milk in Tank Cars.—Milk for shipment by tank car is 

always assembled in a country plant, cooled to a low temperature (usually 

33 to 37°F.), and loaded into a sterile car. The car should be completely 

filled in order to prevent excessive agitation during shipment. The cars 

are usually sterilized at the country plants, by methods described in 

Chap. XIII. 
After loading, the cars are taken by fast freight, express, or passenger 

service to the city railroad yards or to a spur track in the city if the plant 

is located on the railroad line. When the car is spotted at the plants on a 

spur track, it may be unloaded into storage or weigh tanks by means of 

compressed air or by pumps. If the plant is not located on the railroad, 

the milk must be transferred from the car to tank trucks by compressed 

air or by pump and hauled to the plant, where it is again transferred to 

storage or weigh tanks. The necessity of hauling in tank trucks from 

tank cars tends to limit shipment by tank cars to the more remote areas 

in the milkshed, where the cost of tank-car transportation plus the 

terminal transfer cost is less than the cost of direct shipment by tank 

truck. In one study, this distance was found to be about 1/0 miles. 

The procedure in unloading the car is usually as follows: (1) The agi¬ 

tator is started, and the milk thoroughly mixed for 15 to 20 minutes. 

(2) If the tank is provided with a sampling valve, samples for bacteria 

and milk-fat teste are taken from it. Otherwise, the operator must wait 

until the milk level is below the bottom of the manhole before opening 

the latter and securing the samples. When compressed air is ^ed tew 

unloading the car and where no sampling valve is provided, the problem 

of obtainfng satisfactory samples for the bacteria count is more difficult 

Milk may be drawn from the outlet valve before the pipes are attache 1. 

It is difficult to draw a small amount from a large valve without spilling 

c^id" milk on the floor; in addition, the sample may no be rep - 
. f tho milk' rollocted is that which has stood in tne \ai • 

Since all the milk in the car usually • [ank_truck shipmcnts, which 

practice of weighing is less comm > . station.14 (5) After unload- 
may be hauled trom more tlhan i one ^ be ,eft in the car during 

ing, the car is rinsed with wate ■ surging in transit helps to 
the return trip to the receiving station, the surg g 
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rinse milk from all parts of the tank. (6) The ear is then thoroughly 

brushed and rinsed at the country plant and sterilized, usually with a 

chlorine spray. If heat were used for sterilization, the tank would have 

to be cooled for many hours because of the insulation on its surface. 

Handling Milk in Tank Trucks.—Milk for shipment in tank trucks, 

like that shipped in tank cars, is assembled and cooled at country receiv¬ 

ing stations. The tank trucks are loaded with milk cooled to a low 

Fig. 56.—Method of unloading tank trucks at the city plant. (Courtesy of Borden Farm 
Products Company.) 

temperature, usually between 33 anil 37°F. The temperature rise during 

shipment will ordinarily not be more than 1 or 2°F. because of the insula- 
tion on the tank. 

Tank trucks are more satisfactory for hauling milk when a complete 

tank load is assembled at one receiving station. Where the stations are 

sma 1 however, tank trucks are used to haul the milk of two or more 

neighboring stations. II the temperature is maintained at 3(1 to 38°F 

the agnation in a partly filled tank will not cause butter granules to form’ 

m T 7 hUm J VCrS thC m'lk direCtly t0 the city Plant, where it 
mav be unloaded by gravity, compressed air, or pump In 80 nh.ni 

studied by Hotis » 48.7 per cent unloaded by pump, 38.8 per cent by 
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gravity, and 12.5 per cent by compressed air. When air pressure was 

used, 10 to 12 pounds pressure was most commonly used. Round tanks 

are satisfactorily unloaded by compressed air, provided the air is 

filtered. The elliptical tanks used on the more modern tank trucks are 

not unloaded by compressed air because of the lessened resistance to 

expanding forces in this type of construction. 

The procedure in unloading the tank truck is usually as follows: (1) 

The truck is driven or backed into a position to raise the front of the tank 

and ensure complete drainage through the outlet valve. (2) The agitator 

is started, to mix the milk completely. (3) The dust cap over the outlet 

valve is removed, and the connecting pipe attached. (4) Samples for 

bacteria and milk-fat tests are taken from the tank. The top manhole 

may be used; or, where the manhole is in the end of the truck, the sam¬ 

ples may be taken after the level ol the milk is below the bottom of the 

manhole. (5) The milk is usually weighed before being delivered to the 

storage tanks. This may be done by weighing the truck before and after 

unloading—usually with considerable error, for there is a tendency to 

use a constant tare for the truck to eliminate the second weighing each 

day. The most satisfactory method, however, is to empty the entire 

tank lqad of milk into a large weighing tank on scales. (6) The tank is 

then rinsed with water and washed and sterilized at either the plant oi 

the country-receiving station. 
Cost of Transportation by Tank Truck—The costs of hauling by tank 

truck are influenced by the size of the truck, the distance hauled, the 

type of road surface, the topography, and the general efficiency in t le 

Table 42.—Cost of Hauling Milk by Tank Truck with Hired Labor and 

Equipment14 

Plant 

No. 

1* 

2t 
3t 
4* 

5* 

6t 

7t 
St 
9t 

.0* 

Cost per 100 
lb., cents 

Distance 
hauled, 
miles 

Cost per cwt. 
per mile, 

cents 

35 102 0.34 

23 56 0.41 

21 80 0.26 

21 86 0.24 

26 132 0.20 

30 140 0.21 

25 70 0.36 

36 120 0.30 

45 144 0.31 

41 170 0.24 

Type and contour of roads 

Level; concrete and gravel 

Level; concrete 
Rolling; concrete and macadam 

Rolling; concrete 
Rolling; concrete 

Rolling; concrete 
Hilly; concrete 
Hilly; concrete and macadam 
Very hilly; concrete and macadam 
Very hilly; concrete and macadam 

* rank iurmsncu .. 

■\ Tank furnished by hauler. 
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operation of the equipment. Hotis reported the cost of hauling milk by 

tank truck with hired labor and equipment. His data appear in Table 42. 

The cost of hauling by tank trucks in the New York milkshed was 

studied by Varney.13 Table 43 presents his data, including costs from 

the 20- to the 290-mile zone. 

Table 43.—Cost of Hauling Milk by Tank Truck13 (92 Routes, 1932 to 1933) 

Loading point, distance from 
New York, miles 

Number of 
routes 

Cost per 100 lb. 
of milk, * cents 

21- 50 6 12.8 

51- 80 21 14.5 
81-110 22 18.4 

111-140 12 24.5 
141-170 8 27.8 

171-200 13 41.6 
201-230 5 45.4 
231-260 0 

261-290 5 53.0 

* Costs include wages of driver, depreciation and interest on equipment, and other operating 

expenses. b 

The truck rates for hauling milk in cans and tanks to New York and 

Jersey City from specified cities in the milkshed are shown in Table 44. 

Table 44.—Milk or Cream in Bulk in Milk-shipping Cans or in Bulk in 

ank-truck Lots.8 Present Rates in Cents per 10-gal. Can; 1936 Rates 

inBulk in Tank Trucks, in Cents per 10-gal. Can 

Loading point® 

Destination 

Hackettstown, N.J 
Franklin, N.Y. 
Easton, Pa. 
Albany, N.Y. 
Corning, N.Y. 

New York, N.Y. 

Dis¬ 
tance,8 
miles 

54 
55 
70 

146 
255 

In cans 

TLC 

22.50 
19 
33 
30 

44.50 

LTLd 

27.50 
24 

29 
37.50 
55.25 

In bulk 

TL‘ 

17 
14 

19 
25 
37 

LTL/ 

19 
16 
23.75 

31.25 
46.25 

TL tank lot. LTL = less than tank lot. 

a No refrigeration. 

Distances obtained from Rand MrNoibr . , , .. 

* 150 10-gal. cans. y 8talular(1 ln‘leage guide. 

-Less than L50 10-gal. cans with a minimum of 100 cans 

* Not less than 2,000 gal. 

/Less than 2.000 gal.; minimum of 1.250 gal. 

Jersey City, N.J. 

Dis- In cans In bulk 
tance, 
miles TL LTL TL LTL 

64 19 23.50 16 19.75 
151 27.50 33.50 23 28.50 
249 41.75 51.50 35 43.50 

~>r
-> 
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Comparison of Tank-truck and Tank-car Rates.—The relative econ¬ 

omy of shipping in tank trucks as compared with tank cars depends upon 

the distance of the receiving stations from the market. Scanlan1 

compared the rates of one of the larger tank-truck operators in the Phila¬ 

delphia area with the l.c.l. railroad can rates and tank-car rates to Phila¬ 

delphia by 10-mile zones. Rates for the 1,250-gallon tank trucks proved 

to be less than the l.c.l. railroad can rates up to the 90-mile zone. The 

rates for 2,500-gallon tank trucks were less than the l.c.l. railroad can 

rates even beyond the 250-mile zone. The 2,500-gallon tank-truck rates 

were generally less than the railroad tank-car rates up to the 140-mile 

zone. From this point the railroad tank-car rate advantage widened, 

until in the 250-mile zone it was 8.3 cents per 100 pounds. 

In another study, Varney found that when a transfer charge was made 

for hauling milk from the tank cars to the city plant, the tank trucks weie 

more economical than tank cars up to about the 1/0-mile zone. i His 

data appear in Table 45. 

Table 45.—Amount by Which Costs of Tank-trucking Milk Are Lower than 

Rail Rate Plus Transfer Charge* (92 Routes, 1932 to 1933)13 

Loading point, dis¬ 
tance from New 

York, miles 

Amount below l.c.l. 
rate (cans), cents 

Amount below c.l. 

rate (cans),f cents 

21- 50 22.5 16.9 

51- 80 24.8 18.4 

81-110 24.3 17.3 

111-140 21.2 13.6 

141-170 21.0 12.7 

171-200 10.1 1.3 

201-230 
231-260 

8.8 -0.5f 

261-290 5.7 -4.5f 

Amount below c.l. 
rate (tank cars), 

cents 

14.2 
15.3 
13.7 
9.7 
8.6 

-3.2f 
— 5.2f 

---: " - r „pnts per hundredweight has been added to rail rate. More 

o, -k n, t.„k trucks .rom r.UW — - - 

rrr, - 
% Rail rate lower. 

Hauling Milk in Tanks Compared with Hauling in Can^-When the 

conditions are favorable for shipping in tank cam or 

a decided advantage over au ilkahed where milk must be shipped 

:roSTiinrnfonaLr0ailroad line. The conditions favoring tank- 
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truck transportation of milk are (1) a milkshed where milk must be 

shipped 75 to 200 miles to market; (2) receiving stations large enough to 

assemble a tank truck of milk per day; (3) location of the city milk plant 

off the railroad line when conditions 1 and 2 apply. 
Advantages of Hauling Milk in Tanks—When the conditions men¬ 

tioned above favor the transportation of milk -in tanks, the following 

advantages over can shipment may be realized: 

1. Lower receiving-station cost. Clement’s data15 (Table 46) illus¬ 

trate the difference in receiving-station costs when milk is shipped in cans 

Table 46.—Comparison of Receiving-station Costs per 100 Lb. of Milk 

Received When the Milk Is Shipped in Cans, Tank Trucks, 

and Tank Cars15 

Method of shipment 
Number of 

plants 

Average milk 
received daily per 

plant, lb. 

Total cost per 
100 lb., cents 

Cans. 47 11,242 24.03 
Tank truck. 79 13.976 11.50 
Tank cars. 31 42,339 13.56 

and in tanks. Though the average daily volumes of milk received in 

plants shipped by cans and tank trucks were not markedly different, the 

cost of shipping in cans was more than twice that of shipping in tanks. 

2. Better temperature control of the milk. The milk in tank cars 

and trucks remains at a more uniform temperature during shipment. In 

refrigei ation cars or t rucks, during most of the year, ice must be provided 
to maintain a low temperature. 

3. Less chance of contamination. The sterilized tanks are sealed at 

the country plant and are not opened until the city market is reached. 

Can tops are not perfectly tight and unless protected en route may permit 

dust and dirt to enter the milk. Glass-lined tank cars or stainless-steel 
tanks on trucks may be kept more sanitary than cans. 

4. Lower investment in cans. When milk is shipped in tanks, onlv 

one or two sets of cans need be maintained for patrons at the conn- 

maintained. “ PPed Seve,al additional sets must be 

5. Less labor and equipment are required at the city plant The 

grading and weighing of patrons’ milk at the city plant is eliminated 

me" vWed 1' Vrle :t°ity '“T * redu“d- Because the milkt 

conTnuou" ’ °PCTatl°n “ the pr0Cessi"S departments can he 

Time Consumed in 
tions to City Markets. 

Transporting Milk from Country Receiving Sta- 

-Ihe time consumed in transporting milk from 
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159 country receiving stations to 9 city markets has been studied by 

Clement.15 The data are presented in Table 47. 

Table 47.—Time Required to Transport Milk from 159 Country Stations 

to the City, and Methods of Transportation Used for 9 Markets15 

Destination 

Number 

of 

plants 

Average 

quantity 

shipped 

daily per 

plant, lb. 

Time milk is in 

transit from country 

plant to city* 

Average 

per plant, 

Methods of trans¬ 

portation usedf 

Harrisburg.. 

Kansas City 

Baltimore 

St. Louis 

Detroit 

Chicago 

Philadelphia 

Cans in trucks 

Tank trucks 

Tank trucks 

Tank trucks, and in 

cans by trucks 

Tank trucks 

Tank cars and tank 

trucks 

Tank trucks, tank 

cars, and in cans by 

train 

In cans by train and 

by tank cars 

In cans by train 

The variations in the time required for reaching the market are 

related to the distance and type ^ 50 miles from 

3.12 hours. A few ^tions studied was from 1.50 to 8.00 hours, 
the range in time foi all t • miles from the 

Hotis, is shown in 4 able 48. . consumed and the dis- 

The lack of close relat'“s g in railroad schedules, service on 

tance traveled is due to the dlffe Hauls of 100 to 400 miles 

°if shipments g°by fast *which ,s 
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slower than express or passenger service, an extra car may be required 

even for short hauls in order to maintain the daily service. Some plants 

find it economical to use the tank car for storage; if so, enough cars must 

be provided so that the country stations will have their cars on time. 

Table 48.—Time of Tank Cars in Transit, for .Routes of Different 

Lengths14 

• 

Length of haul, miles 

Time on route 
Distance per hr. 

miles 
Hr. Min. 

50 2 50 17.6 

58 2 00 29.0 

66 2 15 29.3 

67 5 00 15.2 

76 3 20 24.0 

80 4 50 20.9 
101 4 50 22.4 
110 12 00 9.2 
114 4 00 28.5 
116 14 00 8.3 

• 
156 12 00 13.00 
167 14 30 11.5 
180 15 00 12.0 
280 8 00 35 0 
350 48 00 7.3 

Usually, it is necessary to reserve some cars for use in case of breakdowns 

delays, or bad weather. According to Hotis,14 where 8 to 10 regular cars 
are in service, one or two should be held in reserve. 

Transportation of Cream.—Since most of the cream shipped to a city 

market originates in the outer rim of the milkshed or in manufacturing 

areas that may be 500 or .00 miles from the city, railroad transportation 

is moie important than truck. As a rule, 10-gallon cans are used for 

shipping cream. In the Middle West, cream is usually sent to eastern 

markets in carload lots in refrigerator cars (Fig. 45). The cream or d 

natmg in the milksheds may be shipped in cars with milk, for less cream 

is available for assembling in carload lots. ’ 

for shipping cream' '“ho tank ‘° 600 gallo"sf(capaci‘y) have been used 

Plant, and the cream is unloaded hygZZ X 
shipped in regular box cars Thp t 1 ‘ , 11 type of tanlc ls a^so 

- h-ir‘“j •* *■* *“» 
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Trends in Milk Transportation.—There is a tendency for the direct 

shipment of milk to increase as the direct-haul areas are expanded. The 

result, often, is the closing of near-by milk-receiving stations. The 

improved roads in the areas outside the direct-haul regions have resulted 

in consolidation into larger receiving stations that favor shipment by 

tank cars and tank trucks. Thus, production zones in a large milkshed 

tend to be served by three types of transportation agencies: (1) direct 

shipment in cans in the near-by areas, (2) tank-truck shipment in the 

next zone, and (3) tank-car shipments from the more distant production 

areas. 
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CHAPTER X 

FLAVORS OF MILK 

The nutritive value and wholesomeness of market milk are controlled 

largely by state dairy laws and city ordinances which define the require¬ 

ments as to minimum fat, solids-not-fat, and maximum bacteria content. 

Palatability, however, does not lend itself to legal definition and regula¬ 

tion. In determining palatability and aroma, the consumer can employ 

the senses of taste and smell for the judging of milk quality. 

If the consumption of fluid milk is to be maintained, the product must 

be kept uniformly palatable from day to day. In recent years the value of 

milk in nutrition has been so well explained by scientific workers that 

officials of the public schools have attempted to stimulate the habit of 

milk drinking among children. Health authorities and many physicians 

have encouraged the regular use of milk by adults, also, because of its 

value in nutrition—its calcium and vitamin contents and the quality of 

its protein, fat, and carbohydrate constituents. If milk has an unpleasant 

flavor, many persons will not use it, or they will take only limited quanti¬ 

ties when a larger amount would be beneficial. Children are especially 
sensitive to off flavors. 

Since the milk distributors in large cities do not usually produce the 

milk that they sell, they should check for taste and flavor all that they 

purchase and should withhold from distribution any that is not pleasing 
to them. 

IMPORTANCE OF CONTROLLING MILK FLAVORS 

In a survey of the household use of milk in Philadelphia,1 visits were 

made to about every twelfth house in the various areas covered by the 

survey, in order to secure representative opinions of the milk users. 

Among those persons who were not using milk, 49 per cent of the adults 

and 50 per cent of the children expressed a dislike for it. It is likely that 

surveys made in other cities would record similar opinions. This empha 

sizes the importance to the market-milk industry of adopting procedures 

m the production, processing, and distribution of milk that will preserve 

the natural pleasing qualities of the product which are present normally 

when it is produced under properly controlled conditions 

Anyone who is familiar with the flavor of milk that has been produced 

d ldeal conditions will observe a variety of tastes and flavors when 

comparing milk delivered by different producers and distribute™ ^ujy- 
175 J 
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ing any large community. Even greater differences are noticed when 

samples are collected from different communities or are specially prepared 

and forwarded as exhibits at state fairs or dairy expositions. During the 

5-vear period 1930 to 1934, 349 samples of milk were entered in the 

California State Fair contests. The judges’ criticisms of taste and flavor 

of these samples are shown in Table 49, in which an average of 42.3 per 

cent of the entries were criticized for taste or flavor defect. When these 

defects were further segregated with respect to occurrence in raw and 

pasteurized milks, practically all the feed, salty, and rancid fla\ois weie 

found to occur in the raw milk, whereas the principal criticisms of the 

pasteurized samples referred to oxidized and heated fla\ ois. Among the 

pasteurized milk entries, 35.3 per cent of the samples were reported as 

oxidized; among the raw samples, 18.2 wrere oxidized. The samples weie 

24 to 54 hours old when scored, their age depending on the location from 

which they were shipped. They may be regarded as representative 

of the milk the housewife would use 1 or 2 days after deliveiy. 

It is probable that similar results would be found in any similar 

localities where milk samples from various sources are subjected to critical 

examination. 

Table 49,-Taste and Flavor Criticisms op 349 Milk Samples Entered at the 

Year 

1930 

1931 

1932 

1933 

1934 

Average. 

Samples submitted 
Percentage of samples criticb 

taste and flavor defect 

ed for 

s 

Percentage 

of total 

entries 

abnormal Total 

entries 

Per¬ 

cent¬ 

age 

raw 

Per¬ 

cent¬ 

age 

pas¬ 

teur¬ 

ized 

Feed 

flavor 

Salty 

taste 

Ran¬ 

cid 

flavor 

Oxi¬ 

dized 

flavor 

Heat¬ 

ed 

flavor 

64 

74 

57 

63 

91 

57.8 

67.6 

68.4 

71.4 

71.4 

42.2 

32.4 

31.6 

28.6 

28.6 

9.4 

12.1 

10.5 

9.5 

16.5 

0.0 

1.3 

0.0 

1.6 

0.0 

6.3 

2.7 

7.3 

3.2 

4.4 

28.2 

17.6 

29.6 

23.8 

22.0 

0.0 

2.7 

0.0 

1.6 

1.1 

43.9 

36.4 

47.4 

39.7 

44.0 

A 9 ^ 

67.6 32.4 11.6 0.6 4.8 24.2 1.1 

Some of the distributors of milk each produCe, By 

d m"kS ^ “d ^ 

Wh° direCt t0 C°nSUmerS t0 
check the flavor of the milk distributed. 
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THE NORMAL TASTE OF MILK 

Taste has been defined as the impression perceived when milk is 

taken into the mouth. Roadhouse and Koestler2 have differentiated 

between taste and flavor by defining flavor as a combination of sensations 

of taste, perceived in the mouth, with those of smell, produced through 

the medium of the inner nasal passage. They report that the chlorides 

and lactose of milk are more concerned with the primary taste than are 

the other constituents of milk. The relation of chlorides to lactose has 

been given mathematical expression by the formula 

per cent chloride __ 

per cent lactose ’ 

and the result has been designated as the chloride-lactose number.3 

The primary taste of milk can be observed only when the milk is free 

from acquired flavors such as those absorbed by the milk from the feed 

eaten by the cow or from odors absorbed after the milk is drawn. Other 

flavors, such as rancidity and those resulting from oxidation, also mask 
the more delicate primary taste. 

Milk with superb flavor can be expected to contain high lactose and 

relatively low chloride percentages, and these finer qualities can be 

obseived only in the absence of acquired flavors. 

VARIATIONS IN THE TASTE OF MILK OF INDIVIDUAL COWS 

The autIl0rs studied the taste of milk of 24 individual cows selected from 
different herds to show the variation in the chloride-lactose number and 

taste scores of the milk.4 Feed was withheld from the animals during 

the 5-hour period before milking in order that the primary taste of the 

mi - might not be masked by secondary flavors such as those caused by 

teed, the results are given in Table 50. 
It will be observed that a low chloride-lactose number is usually 

chiorid °k o' a u,rable Primary taste of the milk> whereas a high 
chloride-lactosenumber, caused by high chloride and a low lactose con 
tent is ordinarily accompanied by a salty taste. 

After the first two or three months following freshenimr tu iQ +. 

point that influences adversely the priory ttHi “ 

lactation Ls shov^ in'ralfle^Sl^H^H^ °f dU1*ing different staSes of 

tatand flav°r <>f 
animals representing „ herds 
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to the station creamery. All feed was withheld from the cows during 

the 5-hour period before milking in order to eliminate its influence on 

flavor. The results of this survey are shown in Table 52. 

Table 50.—The Lactose and Chloride Percentages and Taste Scores of Milk 

of Individual Cows 

Cow 

No. 

Lactose, 

per cent 

Chloride, 

per cent 

Chloride- 

lactose 

number* 

Taste 

score 
Judges’ comments 

1 5.34 0.066 1.24 24.5 Excellent taste 

2 4.87 0.077 1.58 23.0 Very sweet taste, smooth body 

3 5.03 0.069 1.37 23.0 Pleasing taste 

4 4.75 0.085 1.79 23.0 Good taste, no odor 

5 4.84 0.078 1.61 23.0 Very good milk, pleasing taste 

6 4.94 0.083 1.68 22.5 Pleasing taste 

7 4.74 0.074 1.56 22.5 Very good taste 

8 4.98 0.076 1.53 22.5 Slightly astringent 

9 4.90 0.107 2.19 22.5 Very good taste 

10 4.70 0.120 2.55 22.0 Very slightly salty 

11 5.08 0.075 1.48 22.0 Thin body 

12 4.50 0.133 2.95 21.0 Slight aftertaste 

13 4.64 0.105 2.26 21.0 Slight aftertaste 

14 4.24 0.138 3.26 21.0 Slightly salty and aftertaste, not 

pleasing 

15 4.19 0.127 3.03 21.0 Slight aftertaste, slightly salty 

16 4.09 0.131 3.20 21.0 Bitter, slightly salty 

17 4.74 0.091 1.93 20.5 Slightly bitter aftertaste 

18 4.28 0.148 3.46 20.5 Slightly salty 

19 2.97 0.167 5.64 20.0 Salty 

20 3.74 0.168 4.50 20.0 Strongly salty, aftertaste 

21 4 68 0.101 2.16 20.0 Disagreeable taste and odor 

22 4 82 0.092 1.91 19.0 Disagreeable taste 

23 4.16 0.162 3.88 19.0 Salty (udder trouble) 

24 4.48 0.120 2.68 15.0 Rancid 

percentage and multiplying by 100. 

Of the samples of milk collected from the 536 different cows, 467 

(87 32 per cent) were normal, and 68 (12.68 pci cent) pio net ml 

S^rmallLlesorflaeor, ^ 

produced milk wit ai y ^ ^ other abnormal tastes or flavors. 

rancid flavors varied from very slight to distinct 

These samples were collected during the winter months, and larg 



FLAVORS OF MILK 179 

Table 51.—Lactose and Chloride Content ok Milk during Different Stages 

of the Lactation Period 

Cow No. Period of lactation 
Average percent¬ 

age lactose 

Average percent¬ 

age chloride 

130 First 3 months 4.88, 0.088 

130 Second 3 months 4.76 0.103 

130 Third 3 months 4.58 0.106 

473 First 3 months 5.05 0.048 

473 Second 3 months 4.96 0.056 

473 Third 3 months 4.77 0.076 

473 To end of lactation period 4.24 0.103 

421 First 3 months 5.05 0.061 

421 Second 3 months 4.97 0.071 

421 Third 3 months 4.98 0.077 

421 To end of lactation period 3.77 0.120 

Table 52.—Survey of 12 Commercial Herds, Giving Percentage of Cows 

Producing Milk with Abnormal Taste or Flavor 
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FEED FLAVORS OF MILK 

Feed is one of the most common sources of abnormal flavors in milk. 
The feed consumed by the cow was doubtless the first source of flavors 
noted by producers and consumers of milk. Harley5 in 1829 described 
the method for “preventing milk from tasting of turnips.” Numerous 
early writers have referred to flavors of milk resulting from cows eating 
certain weeds, wild garlic, brush, and other plants growing in pastures. 
The more recent interest in the subject was apparently initiated by 
Gamble and Kelly6 with their systematic study of the effect of silage on 
the flavor and odor of milk. During the period of 1923 to 1925 an inten¬ 
sive study of feed flavors in milk was conducted by C. J. Babcock of the 
U.S. Department of Agriculture.7-8'9-10 Further studies were carried 
out at the California Station and were reported in 1935.4 

Effect of Corn Silage.—Experiments have shown that the maximum 
flavor is absorbed by milk if the feed is placed before cows one or two 
hours before milking and the amount of the flavor is increased as the 
amount of feed eaten by the animals during this period is increased. 
Experiments at the California Station show that 5 pounds of corn silage 
fed to cows 1 hour before milking, when critically scored, did not impart 
a distinct feed flavor or odor but did cause an afterflavor, noticeable 
when the milk was compared with control samples from the same cows 
when the feed had been withheld for 5 hours before milking. Ten 
pounds of corn silage, fed 1 hour before milking, produced a distinct feed 
flavor, which was considered undesirable in market milk. W hen larger 
quantities of silage were fed and the cows had free access in the yards 
to alfalfa hay, 19 cows consuming an average ol 14.2 pounds of good- 
quality corn' silage produced milk that averaged one-half point lower 
in score than the milk produced under the same condition except that the 
silage was fed after milking. When the quantity of silage was increased 
to an average of 18.9 pounds fed before milking, the flavor sco. e a\ ei agec 
one point lower than the score of the milk when the silage was led aftei 

""'if‘itis desired to produce milk free from silage flavor, the best feeding 
practice is to feed corn silage in the manger after milking is completed 

OT * caused largely 

as shown by > in a small cl„scd room. 
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from the ingestion of feed by the cow rather than the absorption of the 

flavor after the milk has been drawn. .. r ,, 
Effect of Legume Silage.-The work of Gamble and Kelly on the 

effect of legume silage on milk flavor indicates that th<1 silage must not 

be fed before milking if feed flavors are to be prevented. As little as 5 

pounds of sweet-clover, alfalfa, or soybean silage fed 1 hour befoie mi - 

i„g was found to cause undesirable feed flavors in the milk. Even when 

fed 1 hour after milking, the quantity must be limited to not more than 

15 pounds and the milk thoroughly aerated immediately after milking it 

“milk reasonably free from feed taints” is to be obtained. 

Effect of Alfalfa and Clover.—Alfalfa and clover are from the same 

family of plants and are similar in their influence on the flavor of milk. 

When these feeds are withheld from cows during the 5-hour period before 

milking, they do not cause any objectionable flavor in the milk. Green 

clover when cut and fed to cows in full rations G hours before milking 

increased the flavor in the milk by an amount that was not, however, 

considered objectionable. 
Extensive experiments have been carried out at t he California Station 

on the influence of alfalfa hay and green alfalfa on the flavor and odor 

of milk.4 A representative feeding trial is shown in 1 able 53 in which 

12 cows producing good-flavored milk were selected for the experiment. 

Table 53.—Influence of Alfalfa Hay and Green Alfalfa on the Flavor of 

Milk When Fed 2 Hr. before Milking 

Number 

of cows 

fed 

Interval 

before 

milking, 

hr. 

Feed used, lb. 
Flavor 

score 
Judges’ comments 

12 5 (Controls) 24.0 Very good flavor 

12 5 (Controls) 24.0 Very good flavor 
12 5 (Controls) 24.0 Very good flavor 
12 2 Alfalfa hay, 15 22.0 Distinct feed flavor and odor, 

undesirable 
12 2 Alfalfa hay, 15 21.5 Distinct feed flavor and odor, 

undesirable 

12 2 Alfalfa hay, 15 21.0 Strong feed flavor and odor, 

undesirable 
12 2 Green alfalfa, 34-40 20.5 Strong feed flavor and odor, 

undesirable 
12 2 Green alfalfa, 34-40 20.0 Strong feed flavor and odor, 

undesirable 

In every instance, when all feed was withheld from the cows during 

t le 5-hour period before milking, the flavor scores were high. When 
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15 pounds of alfalfa hay was given 2 hours before milking, feed flavor in 

the milk was present in every instance and the average score was reduced 

2.5 points. The feeding of 34 to 40 pounds of green alfalfa 2 hours before 

milking gave a strong feed flavor in every instance, with an average 

reduction in score of 3.75 points. It is concluded that alfalfa hay and 

green alfalfa, when fed to cows in full rations 2 hours before milking, will 

cause distinct and undesirable feed flavors in the milk. 

The quantity of feed consumed by cows influences the extent of the 

feed flavor in the milk, as is shown in Table 54. 

Table 54.—Influence of the Quantity of Green Alfalfa and Alfalfa Hay on 

the Flavor of Milk When Fed 2 Hr. before Milking 

Feed used 

Average 

flavor 

score 

Judges’ comments 

22.0* 

21.25* 

22. Of 

20.5t 

23.5* 

23.5t 

Distinct feed flavor, undesirable 

Strong feed flavor, undesirable 

Distinct feed flavor, undesirable 

Strong feed flavor, undesirable 

No feed flavor or odor, desirable 

No feed flavor or odor, desirable 
No feed given 9.5 hr. before milking... 

No feed given 9.5 hr. before milking- 

* Average of 9 cows, 

t Average of 3 cows. 

As little as 10 pounds of green alfalfa or 5 pounds of alfalfa hay fed 

to cows 2 hours before milking will cause a distinct feed flavor and odor 

which is considered undesirable in market milk. Similar results have 

been reported by Weaver, Kuhlman, and FoutsA 
From a practical dairy standpoint, it should be made clear that the 

time of feeding flavor-producing feeds before milking is an important 

consideration. With roughages the most pronounced Aavoi in the mi 

results when the feeds are placed before the cows 1 or 2 hours before 

milking- a less pronounced flavor when the feed is placed before the cows 

3 hours before milking; and a still less noticeable flavor when the feed is 

gh'Tht C^a Station ^reported* that 5 pounds of good quality oat 

hav when fed to cows 2 hours before milking had no noticeable influence 

on'the flavor of the milk; when 8 to 9 pounds was given. 

s 
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imparting material. If a definite quantity is consumed by the cow, it 

influences the flavor of the milk irrespective of other feeds meluded 

Practical Herd Management to Minimize Alfalfa Flavor.--Dairy farms 

are not always equipped entirely to control the flavor ol milk by keeping 

feed from the cows during the 5-hour period before milking. At the 

California Station13 a system of feeding has been developed that minimizes 

the flavor defect in milk to a point where it is considered not objectionable 

for market milk to satisfy the usual requirements. The system provides 

that the cows should have access to a fresh supply of hay immediately 

after milking. It may be fed in the stanchions in the milking stable or 

in feed racks in the cowyard. If cows are turned into the yard imme¬ 

diately after milking, the feed racks should be filled before the cows are 

turned in, in order that they may have access to the full supply of feed 

and may begin eating immediately. W hen cows have access to a full 

supply of hay as the sole ration in the yard, after the night milking, it has 

been observed that they consume an average of 2.4 pounds of hay during 

the 5-hour period before milking. The same method of feeding after 

the morning milking shows that the herd consumes an average of 4 

pounds of hay during the 5-hour period before the next milking. When 

the same cows are fed concentrates in the barn during milking, they con¬ 

sume an average of less than 1 pound of hay during the 5-hour period 

before the morning milking and 2.4 pounds during the 5-hour period before 

the afternoon milking. Dairymen must regulate the amount of feed 

placed in the racks and observe the feeding habits of their cows if they 

are to depend upon this system of management. When this system of 

feeding is practiced, there is usually a slight feed flavor in the milk but 

this would not be noticeable to the average consumer. Milk which is to 

be pasteurized receives additional aeration during the process, and slight 

feed flavors in milk become less noticeable when present in such milk. 

Pasturing Cows on Alfalfa.—Studies have been carried out to deter¬ 

mine the influence on the flavor of milk when cows are kept on good alfalfa 

pasturage between milkings and are receiving concentrate rations in the 

milking barn. It has been observed that the animals consume sufficient 

feed during the 5-hour period before milking to give a distinct feed flav 

to the milk. When the cows are pastured both night and day, the flav 

is not so distinct as when they are pastured only during the day. 

In regulating the feeding of pasturage to control the flavors of milk 

the results vary according to the time the cows are milked in the morning 

and the abundance of pasturage available. When cows are brought 

from the pasturage before daylight, they will usually not have consumed 

so much feed immediately before milking as when they are brought fr 
the pasture at a later hour. 

or 

or 

rom 
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If feed flavor in milk is to be entirely controlled, it is necessary to 

remove the cows from the pasture 5 hours before milking. 

Effect of Other Green Pasture Feeds.—Other green feeds contribute 

to feed flavor in milk when they are used as pasturage or when cut and 

fed to the cows before milking. Experiments reported by the U.S. 

Department of Agriculture and the California Station cover green barley, 

rye, corn, cowpeas, oats, foxtail, and alfilaria. 

Green barley, wild oats, and rye give definite flavors to milk 

when fed as full feeds 2 hours before milking. Alfilaria produces 

a stronger flavor than does the same quantity of green barley. 

Cowpeas, corn, and foxtail (Hordeum murinum) produce less flavor 

for the quantity fed than do the first three feeds mentioned. With 

the exception of alfilaria, none of these feeds gives as much flavor 

to milk as do clover and alfalfa. 
Effect of Vegetable By-products.—Babcock9 investigated the effect 

of feeding cabbages and potatoes on the flavor and odor of milk. He 

concluded, from this work, 

When dairy cows consume an average of 14.3 pounds of cabbage one hour 

before milking objectionable abnormal flavors and odors are produced in the 
milk. Increasing the quantity of cabbage consumed from an average of 14.3 
pounds to an average of 24 pounds increases to a marked degree the intensity of 

the abnormal flavors and odors produced in the milk. When dairy cows con¬ 
sume an average of 25 pounds of cabbage immediately after milking there will 
be few resulting objectionable flavors or odors in the milk. Proper aeration 
reduces strong abnormal flavors and odors in milk caused by feeding cabbage, 

and some of the slightly abnormal flavors may be eliminated. 

Babcock concluded that an average of 14.8 pounds of potatoes con¬ 

sumed by cows 1 hour before milking causes slight abnormal flavors and 

odors to be produced in the milk. These were considered, however, 

to be so slight that the average consumer would seldom detect therm 

Increasing the quantity of potatoes fed 1 hour before milking to 29.3 

pounds did not increase the abnormal flavor and odor produced m the 

milk. An average of 28.7 pounds of potatoes consumed immediat . 

after milking did not affect the flavor or odor of the milk. 
Babcock1 found that feeding turnips to dairy cows at the i.i 

, n n„ds 1 hour before milking produces objectionable off flavor and odoi 

• ' fv ilk When 30 pounds of turnips were consumed by cows mime- 

riri .K—.««.»<-™ 
P1°Other Plants Causing Abnormal Flavor.—Many weeds and other 

wildT “ been reported to cause ~d ^ 

'‘JLZXZ tOTtSSM - - - w 



FLAVORS OF MILK 185 

be consumed by cows, especially if the feed is short. Brush growing on 

pasture lands is sometimes eaten by cattle. These plants should be 

eradicated from the pastures if possible, but the removal of the cows 

from the pasture several hours before milking will minimize the intensity 

of the undesirable flavors in milk. Babcock states,14 ... It is neces¬ 

sary to remove the cows from garlic infested pastures 4 to 7 hours before 

milking to eliminate entirely the garlic flavor and odor from the milk. 

Some weeds, such as bitter weed, impart objectionable flavors several 

hours after consumption. If such weeds are present, it may be neces¬ 

sary to keep the cows off the pasture until the weeds are eradicated.” 

Any feed that is musty or moldy when eaten in appreciable quantities 

may be expected to give abnormal flavors to milk. 

Rapidity of Absorption of Feed Flavor.—The rapidity with which 

feed flavors are absorbed by milk after the feed has been consumed by the 

cow is emphasized by an experiment at the California Station in which 

alfalfa juice was given to four cows as a drench.15 The juice extracted 

from 25 pounds of green alfalfa was given to the cows by forced feeding 

just before milking. Cows producing milk with good flavor were selected, 

and all feed was withheld for 5 hours before milking, in order to eliminate 

other sources of feed flavor. A sample with normal flavor was secured 

by partly milking the animals before giving the alfalfa juice. Other 

portions of the milk in the udder were drawn every 5 minutes for 30 

minutes after drenching. In some instances, samples were drawn at 

the end of 45, 60, and 120 minutes after drenching. The milk samples 

collected were scored for flavor within 2 hours after the last sample 
had been drawn. 

It is shown in 4able 55 that sufficient feed-flavor-producing con¬ 

stituents are present in the juice of green alfalfa to impart a feed flavor to 

the milk as soon as 20 minutes after the material is consumed by the 

animal. When alfalfa juice was given as a drench, the most distinct 

flavor was present in the milk drawn within 45 to 60 minutes; but when 

natural green feed was consumed, as shown in previous experiments, the 

flavor was most pronounced in milk drawn approximately 1 to 2 hours 

afterward. The absorption of feed flavor into the blood and milk from 
the natural green feed is apparently less rapid. 

Influence of Concentrate Feeds.-Concentrate feeds have been given 

consideratron in connection with their influence on the flavor and odor 

k. Wheat bran, rolled barley, dried beet pulp, coconut meal 

soybean meal, cottonseed meal, wet brewers’ grains and a mixed 

C0“lrf<;,H1rc /rstudicd at th°staLT 
11 Was concluded from the results of the experiments that concentrate 

eed of good quality, when consumed by cows in the usual quantities fed 

y ma.ket-m.lk producers, may be placed in the mangers to be consumed 
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by the cows previous to milking, without causing flavor in the milk 

that would be objectionable to the average consumer. This method 

ot feeding concentrates would be considered good commercial practice 

foi maiket-milk production, where cows are kept in the stanchions only 
during the milking period. 

Table 55.—Flavor Scores and Comments on Milk Drawn before and after 

Drenching Cows with Alfalfa Juice* 

Cow 

No. 

Interval (minutes after drench¬ 

ing before milk samples were 

drawn) 

Flavor 

score 
Judges’ comment 

/Control sample, taken before 

1 drenchingf 23.0 No feed flavor 

\ 5 23.0 No feed flavor 

153 
) 10 22.5 No feed flavor, slightly astringent 

) 15 
22.5 No feed flavor, slightly astringent 

/ 20 22.0 Slight feed flavor 

1 25 22.0 Feed flavor and odor 

t 30 22.0 Feed flavor and odor 

/Control sample taken before 

/ drenching J 23.0 No feed flavor 

1 ^ 
23.0 No feed flavor 

1 10 
23.0 No feed flavor 

428 I ^ 
23.0 No feed flavor 

\ 20 22.0 Slight feed flavor and odor 

j 30 21.5 Feed flavor and odor 

[ 45 21.0 Strong feed flavor and odor 

1 60 22.0 Strong feed flavor and odor 

'120 22.5 Very slight feed flavor and odor 

* Data are given from two representative cows only; similar results, however, were obtained when 

two other cows were given alfalfa juice as a drench. 

t Five quarts of liquid expressed from 25 pounds of alfalfa was used as a drench. Time required 

to drench was 5 minutes. Cow was maintained on oat hay and concentrate ration. No feed given 

within 5 hours before drenching. 
1 Cow was maintained on alfalfa hay and concentrate ration. Other conditions were the same as 

with cow 153. 

When concentrate feeds such as rolled barley and dried beet pulp are 

fed in quantities of 7 pounds one or two hours before milking, a slight, 

feed flavor and afterflavor are readily detected. However, when con¬ 

centrate feeds are given at each milking, the quantity ordinarily placed 

before the cows in commercial dairies is not sufficient to influence the 

flavor of the milk objectionably and the feeding of the concentrates 

reported on may therefore be considered a satisfactory procedure. 

FLAVORS ABSORBED BY MILK DURING HANDLING AND STORAGE 

As has long been recognized, milk may absorb the odors of some fruits, 

vegetables, chemicals, and other materials. In addition, it readily 
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absorbs odors from paint, coal-tar disinfectants, gasoline, kerosene, and 

some fly sprays. 
The amount of odor absorbed from these substances, where milk is 

being handled, depends on the efficiency of ventilation. Milk stored 

in a refrigerator box may also take up the odors from fish and other 

foods, cooked or uncooked, unless it is enclosed in a tight container. 

TASTE AND FLAVORS OF MILK DUE TO ABNORMAL CONDITIONS OF THE 

COW 

Udder Disturbance.—When cows are affected with udder disturbances 

resulting from inflammation of the udder tissues, the milk may become 

abnormal in composition and the taste may be influenced somewhat. 

After chronic inflammations of the udder, the milk from the affected 

quarters may taste salty or be otherwise abnormal for the remainder 

of the lactation period. Saltiness is the most common taste defect result¬ 

ing from this cause. 

At the beginning of the first lactation, heifers usually show a uniform 

composition in the milk of each quarter of the udder. In large herds of 

older cows, there is apt to be a considerable number of animals with one 

or more quarters that have been previously affected with mastitis. The 

milk from such quarters usually shows a higher chloride content than do 

the quarters that have not been so affected. In some instances, dis¬ 

turbance has been sufficiently severe to leave one or more quarters atro¬ 

phied. The milk secreted from such quarters is usually abnormal in 

composition and the chloride content sufficiently high to give the milk a 

salty taste. Milk from atrophied quarters may be normal in appearance, 

the only indication of previous trouble being the smaller size of the abnor¬ 

mal quarter as compared with the other quarters of the udder. 

Salty milk secreted from only one quarter of the udder may not be 

sufficiently high in chloride to cause a salty taste when it is mixed with 

the noimal milk secreted from the other quarters. However, such milk 

may, in some instances, shows a higher bacteria count, and good dairy 

practice requires eliminating it from the milk supply. 

Advanced Lactation. The milk of cows advanced in lactation, par¬ 

ticularly those which have been milking more than a year, often shows 

changes m composition that give it a less pleasing taste. The salty 

taste is the most common defect resulting from this cause. When salti¬ 

ness accompanies advanced lactation, the milk from all quarters will be 

affected. The recommended procedure is to let the cow go dry When 

omnZr a8T/7henS’ the milk ma^ bc “P«ted to be normal in composition and taste. 

is h?rrtnPfTh‘)V!le,en'?.J0f the lactati0n period produce milk that 
■ higher in fat and total solids and lower in lactose content, and this 
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feature, together with a higher chloride content, may cause the milk to 

have a sticky bod^y and an unpleasant taste. 

Rancid Milk.—Occasionally, rancid odors and flavors are observed in 

milk. The flavor is due to butyric acid which is split (by hydrolysis) 

from the glyceride structure of milk fat (Chap. II) by the enzyme lipase.16 

Other fatty acids of low molecular weight are also liberated, but they are 

less volatile than butyric acid and do not contribute appreciably to the 

flavor and odor of the rancid milk. It is now generally accepted that all 

milk contains lipase.16'17 

Questions regarding the number of lipases present, their chemical 

nature, and other characteristics have not been answered sufficiently 

definitely to permit final conclusions.17’18,19 Two types of lipolysis, 

however, are now recognized: (1) spontaneous and (2) induced. 

Spontaneous or naturally occurring lipolysis is the cause of most of 

the rancid milk and cream encountered in the dairy industry. In most 

instances the milk has a normal flavor when drawn and develops the i ant id 

flavor and odor later. 
This condition has been observed more commonly in cows advanced 

in lactation that have been milking for a year or more without freshening. 

Cows milked less than a year but soon to freshen may also produce milk 

that becomes rancid. The authors have observed a few instances where 

milk has become rancid when produced by cows after the third month of 

lactation. They also observed it in individual cows among herds in 

many localities, and the condition has been reported elsewhere by several 

investigators.20,21 . . ... , , 
Koestler, Roadhouse, and Loercher2" studied rancid milk produced 

from a cow that had cystic ovaries. When the cysts were rupture 

manually, the milk produced from the animal 51 hours after the opera .on 

ceased to become rancid and continued normal for severa weeks. Othei 

evsts formed later, and the rancid condition returned. The authors have 

observed several cows with cystic ovaries that produced rancid mi . 

This docs not mean that the milk produced by all cows with cystic: ovanes 

would contain lipase, for many such cows do not produce milk that 

beCTh:SUpa^hat causes milk from certain cows to become rancid ^1 
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rancid flavors in milk.17-22 Anderson has suggested carotene as the factor 

in green feed that is most likely to be responsible for this effect.23 More 

recently, Tarassuk and Regan24 have investigated this problem. They 

found that about 20 per cent of the cows they fed on a ration that included 

bleached alfalfa hay as the roughage produced milk that became rancid 

spontaneously. When green alfalfa was included in the ration to leplacc 

the bleached hay, the milk no longer developed the rancid flavor. Crys¬ 

talline carotene was found to have no effect in preventing rancid flavor 

in milk. The factor or factors in green feed responsible for overcoming 

the tendency of the milk to become rancid spontaneously have not been 

identified. The individuality of the cow appears to be an important 

element, for less than 20 per cent of the cows fed bleached hay produced 

milk that became rancid. 

Cows producing milk that later becomes rancid should be identified 

and the milk kept separate from the herd supply. As a means of identify¬ 

ing such cows, a sample may be collected in large herds from each string 

of 25 or 30 animals. This is done by collecting a small amount of milk 

from each cow and allowing the mixed milk to stand in a quart bottle or 

other container at room temperature for 12 to 15 hours. The milk will 

usually become rancid during this time if one or more cows secreting 

lipase in the milk are present in the string. After the string of cows 

responsible for rancid milk is located, a sample from each cow should be 

allowed to stand at room temperature 0 to 12 hours’and examined for 

rancid flavor and odor. The identification and elimination of such cows 

should overcome rancidity in market milk and cream. A sample of milk 

from an individual cow containing lipase will become rancid sooner than a 

mixture of such milk with normal milk. Market milk would have a more 

dependable quality if producers would examine the milk of each cow at 
intervals to identify abnormal tastes and flavors. 

In some localities, rancid market cream has been observed more com¬ 

monly in the winter months. This may be due to a larger number of 

cows advanced in lactation being milked or to the lack of green feed in 

the ration. When this condition develops, the milk should be separated 

after each milking and the cream pasteurized soon afterward, for pasteuri¬ 

zation destroys the enzyme. Tarassuk has found that spontaneous 
rancidity is prevented by heating the milk to 130°F. for 30 minutes.17 

Induced hpolysis differs from spontaneous in that the enzyme or some 

rrulk constituent, probably the surface of the fat globules, must be altered 

Such a change is known as “activation." In order to initiate lip..lysis 

the activation must be accomplished when the fat is in the liquid state « 

1 he following procedures may be used to initiate lipolysis of raw milk- (1) 

homogenization below 130°F.;»-« (2) violent shaking- (3) temperatu 

treatment-precool to 40»F„ reheat to 80°F„ and recool below 50°F.” 
■o 
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Induced rancidity apparently has no relation to breed, season, stage 

of lactation, or volume of milk production.29 

Some bacteria have been reported to secrete lipase which will cause 

rancidity in fats.30 It should be recognized that rancidity resulting from 

this cause will not develop in milk until considerable bacterial growth has 

taken place which would require a longer time and a higher temperature 

than for rancidity caused by lipase originating in the udder of the cow. 

FLAVORS CAUSED BY OXIDATION 

An oxidized flavor that frequently occurs in milk and cream has 

sometimes been called “metallic” because it can usually be traced to the 

contact of the milk with certain metals. The flavor varies in intensity 

according to the stage of its development. Other terms used to describe 

it are “cappy,” “papery,” “oily,” and “tallowy.” 

Certain metals are acted on by the milk so that a small amount of the 

metal is dissolved. The metallic salts thus formed may give a taste 

properly designated “metallic”; some of them, however, act as catalysts, 

hastening oxidation. The products of oxidation are the source of the 

substances that cause the flavor here designated “oxidized.” 

Oxidized flavor in milk is probably more often observed since pasteuri¬ 

zation has become generally adopted, for the metals are more soluble in 

hot milk. Another factor, since refrigeration is more commonly used by 

the consumer, is that milk is now kept longer before use which allows 

sufficient time for the chemical changes that are responsible for oxidized 

flavor. . -n i 
Metals That Cause Oxidized Flavor.—Equipment in milk plants in 

which copper and its alloys are exposed to contact with the milk is the 

most common cause of oxidized flavor. Some other metals are also solu¬ 

ble in milk These cause oxidation of milk fat or associated substances; 

but they are not so active as catalysts, and their influence on the flavor 

of milk is slower than copper. ... , , 
In the past, copper has been commonly used in the construction o 

dairy equipment because of its being a softer metal which is easier to 

fabricate. On account of its greater heat conductivity, l as ® 

considered preferable for the construction of such equipment as coolers 

and pasteurizer coils, for the metal with greater heat conductivity facili¬ 

tates the transfer of heat during the heating and cooling of 

Copper equipment used in dairy plants is usually tm-pWed^and^when a 

tions gr 
raduaUy remove portions of the tin, and the tin plating becomes 
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thin or entirely removed over surfaces sufficiently large to permit some 

copper to dissolve in the milk. It has been shown that a very small 

surface of copper exposed to milk may influence the flavor of a large 

volume. 
The alloys of copper that are used in dairy equipment include brass, 

bronze, monel metal, nickel silver, and Waukesha metal.31 The composi¬ 

tion of these alloys is listed in Table 56. 

All these are slightly soluble when they are exposed to fresh milk, and 

the}' cause development of an oxidized flavor in milk that is brought in 

contact Avith them. 

Table 56.—Composition of Certain Copper Alloas 

Alloy 

Percentage of composition 

Copper Nickel Zinc Tin Lead Iron Manganese 

Monel metal. 28 67 + 
Nickel silver (German 

silver). 72 18 10 — — _ _ 
Brass *. 66 33 + 
Bronze*. 85 — 2 9 4 _ 
Waukesha metal. 55 28 + — + 

* Composition variations. 

Recently, white-metal copper-nickel alloys ha\re been developed 

that lesemble the stainless steels in appearance. They usually contain 

GO to 66 per cent of copper. Many of them are corroded by milk to such 

an extent that sufficient copper is dissolved to cause the development of 

oxidized flavor in even the less susceptible milks. Certain of these alloys, 

however, that contain 3 to 8 per cent tin and 3 to 4 per cent zinc arc more 

resistant to the solution of copper by milk and therefore less detrimental 
to the flavor of milk.32 

Table 57.—Composition of Certain 

Alloy 

A 
B 
C 
D 
E 
F 
G 

Percentage composition 

Copper Nickel Tin Lead Zinc Iron Manganese Chromium 

65.6 

65.0 

62.0 

66.0 

63.0 

66.5 

65.5 

31.0 

20.0 

20.0 

20.0 

20.0 

31.0 

31.0 

8.0 

8.0 

3.0 

3.0 

2.0 

2.0 

2.0 

4.0 

4.0 

2.0 

2.0 

3.0 

3.0 

4.0 

4.0 

Trace 

2.0 

2.0 

2.5 

2.5 

Trace 

Trace 

1.0 

0.5 

0.5 

Trace 

1 .0 

0.5 

3.0 

3.0 

0.5 

5.0 
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The compositions of certain copper-nickel white-metal alloys are 

listed in Table 57. 

All the alloys with tin and zinc have less effect on flavor than do alloys 

A, F, and G. Alloy D is reported to be the most satisfactory to cast and 

machine. 

Metals That Do not Cause Oxidized Flavor.—During the last decade, 

metal manufacturers have developed an alloy that when properly 

fabricated and finished has been shown to be entirely resistant to the 

action of milk. This alloy is known as chrome-nickel-iron or, commonly, 

as “stainless steel.” It is manufactured by several companies under 

special trade names. When this alloy is uniform in composition, smooth, 

and free from defects, it is not soluble in milk and does not cause oxidized 

flavor in milk that is brought in contact with it. 

Other metals resistant to the action of milk and that do not cause an 

oxidized flavor are pure aluminum, pure tin, and glass-enameled metals. 

A chromium-nickel alloy consisting of 12 per cent chromium, 5 per cent 

iron, and 83 per cent nickel, when properly fabricated, has also proved 

resistant to corrosion by milk and does not influence the flai oi. 

Source of Oxidized Flavor—Oxidized flavor in milk was first observed 

as a result of copper contamination. The flavor was considered due 

to the oxidation of the unsaturated fatty acids of milk fat. Later 

investigations indicated that the oxidation of milk fat could not be 

primarily responsible for the flavor, for the milk fat from milk with 

oxidized flavor had passed only a fraction of its oxygen-uptake induction 

period.33 Thurston, Brown, and Dustman34 then secured data that, 

indicated that lecithin rather than milk fat was the constituent of milk 

primarily responsible for oxidized flavor. Swenson and Sommer 

have recently obtained more direct evidence that copper-induced oxidized 

flavor is primarily due to the oxidation of unsaturated fatty acids of the 

phospholipide (lecithin or cephalin or both) fraction. The variations 

in the lecithin content of milk, however, do not appear to be related 

the susceptibility to oxidized flavor development.36'3 . . 
Oxidized Flavor in the Milk of Individual Cows.—fl he variations in 

the susceptibility of different cows to influences that develop oxidized 

flavor were observed by Guthrie and Brueckner,33 who reported that 

certain cows produced milk that developed the flavor spontaneously, 

ii i ic without added copper. Milks may be classified arbitian \ m ° 

ftoe grot on the b^s1 -ceptibility to influences that develop 

OXidrSponta°neous. Oxidized flavor developed without added1 coppe, 

2 Susceptible The flavor will develop in the m lk when small 

n Loner are added Cows vary considerably in respect to the 

“tl— o”opper required to cause the flavor to develop u. their 
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milk after two or three days’ storage at 40°F. For example, 0.1 part per 

million of added cupric ion will cause oxidized flavor in some milks, but 

1 part per million must be added to others. 
3. Nonsusceptible. The flavor will not develop in two or three 

days’ storage at 40°F. when 1 part per million of cupric ion is added. 

The spontaneous development of oxidized flavor is more commonly 

observed in the late winter or early spring. The available literature 

indicates that prolonged feeding on dry rations increases the tendency of 

milk to develop the oxidized flavor spontaneously and that green feed 

reduces this tendency.39 It is probable that carotene is one of the con¬ 

stituents in green feeds that tends to prevent spontaneous oxidized flavor 

and to render milk less susceptible to copper-induced oxidized flavor.40-41 

Testing Milk for Susceptibility to Oxidized-flavor Development 

Milk may be tested in the laboratory for susceptibility to spontaneous or 

copper-induced oxidized-flavor development. A convenient procedure is 

as follows: Measure into pint milk bottles three 200-milliliter portions of 

each sample to be tested. Mark one flask “Control,” the second “0.25 

part per million copper,” and the third “0.50 part per million copper.” 

Add the indicated amount of copper (cupric ion in the form of copper 

sulphate) to flasks 2 and 3. Pasteurize all samples at 143°F. for 30 

minutes; cool to 40°F., and store at this temperature. Score for flavor on 

the second and third days. If the milk is susceptible to the spontaneous 

development, the “control” sample will have an oxidized flavor. 

If the sample with 0.5 part per million of copper does not develop the 

flavor in 3 days, the milk is less susceptible and will probably not develop 

the flavor with the concentration of copper likely to be found in market 

milk. When it is found that the flavor develops with 0.25 part per 

million of copper, every effort should be made to avoid passing milk 

through equipment having copper and copper alloys exposed. 

Exposure of Milk to Sunlight.—Sunlight will cause an oxidized or 

tallowlike flavor in milk.42 When milk in clear glass bottles is exposed 

to direct sunlight during delivery or, when delivered to the householder, 

is left standing in the sunlight even for a short time, the flavor will change 

sufficiently to affect palatability. This flavor has been noted in milk 

exposed to direct sunlight for as short a time as 10 minutes or even to 

indirect light for 45 minutes during the summer months. Such flavor 

may result from exposure to sunlight in the processing plant if sunlight 

is allowed to shine through windows against milk while it is being pas¬ 
teurized or cooled. F 

Sunshine flavor in milk is largely controlled if the delivery vehicles 

are covered to protect them from light and the householder takes the 

1111 k mdoore f soon ^ it is delivered. Modern dwellings are frequently 
equipped with a galvanized iron box which is installed in the outer wall 
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of the homes. These have a small door opening outside for the con¬ 

venience of the milk deliveryman. The householder removes the milk 

from a similar door on the opposite side which opens into the room. The 

use of these boxes protects the milk from light and the development of 

oxidized flavor after it is delivered. 

“Sunshine” flavor and copper-induced oxidized flavor may be dis¬ 

tinguished readily by experienced milk judges. As previously men¬ 

tioned, oxidized flavor is probably due to the oxidation of lecithin, whereas 

sunshine flavor is due to the oxidation of the unsaturated fatty acids of 

milk fat plus a change in the proteins. Sunshine flavor, then, has the 

tallowy flavor characteristic of oxidized milk fat, modified by the effect 

of sunlight on the proteins. Oxidized flavor develops slowly, whereas the 

sunshine flavor may be detected immediately after the exposure period. 
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CHAPTER XI 

CONSTRUCTION AND ARRANGEMENT OF CITY MILK PLANT 

The processing and distribution of milk in the city are usually separate 

enterprises from that of production on the farm. As previously stated, 

the milk is shipped in cans from the farms direct to the distributor; or it 

may be delivered to a country receiving station, where it is assembled for 

bulk shipment to the city dealer. 

The construction of the plant requires careful planning. Economical 

operation depends largely upon the convenience and durability of the 

structure and the ease of keeping the building sanitary. 

Before planning a new building a qualified representative of the organ¬ 

ization should visit modern milk plants in the same locality or others to 

observe the latest developments in construction, equipment, and room 

size in plants having a volume of operation similar to that contemplated. 

Such a survey will usually result in a more economical building, best 

suited to the needs of the business. If the operator can decide what 

equipment will be required in different parts of the building and what floor 

space will be occupied, he can then substantially assist the architect. 

Location.—The location is important. The operator who conducts a 

wholesale business, delivering to hotels and restaurants, will have a 

shorter haul in reaching the customers if the pasteurizing plant is in the 

wholesale or business district. Where most of the milk is sold in retail 

delivery to homes, a site in the residential district may be preferred. 

Land values will be lower in the latter location; but where the plant is 

opeiated at night, residents may object to the noise of equipment, trucks, 

and delivery wagons. In some cities, zoning ordinances restrict business 

operations in residential sections; these should be investigated before land 

is purchased. Figure 57 shows a small milk plant in a residential section. 

Where milk is transported from the country to the city in tank cars, a 

location near the railroad terminal or on a spur track may be more satis¬ 

factory. There is some waste and some extra cost if the milk is pumped 

rom the cars into tank trucks in which it is transported to the plant 

Other factors to consider in locating a milk plant are (1) size and shape 

Of lot, (2) garage and stable facilities, and (3) advertising possibilities. 

Size and Shape of Lot.—A rectangular lot is usually preferable; the 

frontage should be sufficient to accommodate the building. If there is 

sufficient space on one side for the loading out of delivery trucks and a 

separate platform for the return of mnpty bottles and cans, the arrange- 
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ment will usualty be convenient. Figure 58 shows a floor plan of a large 

pasteurizing plant where the empty bottles are placed on conveyers at one 

FlG 57—A small modern milk plant with driveway on both sides and loading platform in 
the rear. (Courtesy of Estes Dairy Products Company.) 
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CONSTRUCTION AND ARRANGEMENT OF CITY MILK PLANT 199 

Where land is expensive, the milk may be loaded from a conveyer 

system that carries it from the storage rooms to a covered area behind the 

main building. A similar system may convey empty bottles and returned 

milk back into the plant. 
Extra land should be available so that future additions may be made, 

if necessary, after the building is completed. 
Garage and Stable Facilities—The garage and stable facilities are 

most convenient when located on the same property as the pasteurizing 

plant. If there is not sufficient land for that arrangement, they may be 

located in a separate building within a block or two of the plant. Because 

Fig. 59.—A wholesale market milk and ice-cream plant. Trucks are loaded from con¬ 
veyers that carry the milk from the storage rooms to the covered area at the rear of the 
building. (Courtesy of Spreckels Russell Dairy Company, Ltd.) 

of odors, no stable should adjoin the milk plant unless separated by a 
brick or concrete wall. 

Advertising Possibilities.—A plant located on a main thoroughfare has 

advertising possibilities if the bottling-room operations can be viewed 

from the street. Figure 59 shows a wholesale market-milk and ice-cream 
plant in a business district. 

However, unless the loading area or driveway is large enough to 

accommodate all the trucks and wagons so that they will not stand on the 

street, the building should usually be located elsewhere. An alley on two 
sides is very convenient. 

PREPARING THE PLAN 

After a suitable lot is found, the buildings and yards should be 

oughly Planned before the purchase is concluded. In preparing the floor 

plan, one should consider, for example, (1) type of business, (2) capacity 
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of plant, (3) source of milk, and (4) sizes of rooms for various purposes. 

Type of Business.—In many plants milk is processed; buttermilk, 

chocolate milk, and cream of different fat percentages are prepared; and 

cottage cheese is made. Other products may be processed or manu¬ 

factured, or they may be sold after being manufactured in other plants. 

Capacity of Plant.—The volume of milk to be processed will determine 

the type of plant to construct. There may be one, two, three, or more 

floors. Unless it is a small plant, a two-story building seems to be the 

most popular—one floor to be used for processing, the other for receiving, 

V.o. 60.—Large pasteuri^g'plainfor 

'^arizinf room^KailroadtoMks on right. (Courtesy of Bouton Dairy Company.) 

rttling, and storing the milk. Operation is usually more economical 

here all the processing is done on the same floor level. 

Source of Milk.-The kind of containers in which the nu^ is shippe^ 

, the city will influence the plant arrangement. The milk mar 
• 1 in m cans direct from the farms or from cooling stations, (2) 

;ceived in (1) cans c from receiving 
uik trucks from receiving stations, 01 (3) tank cars 

stations. -anilities for weighing and sampling each 
The first method requnes facilities * arrives only in 

wiu be needed in the 

receiving room. rntWent nlants. Some receive only 
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milk and cream for processing being shipped separately. Others do the 

separating at the city plant, and sufficient whole milk is received to meet 

this need. 
Rooms for Various Purposes—The proposed plant may be laid out 

into rooms for each operation such as milk receiving, bottle washing, milk 

pasteurizing, bottling, cold storage, employees’ lockers, retail sales, and 

offices. Certain city ordinances specify that milk receiving, bottle wash- 

6A RAGE 1 
Refrigeration machinery and water 
pumps in basement beneath garage 

LOADING PLATFORM 

DOWN 

MILK 

RECEIVING 

ROOM 

MILK PROCESSING 

GENERAL 
OFFICE 

1 
UP 

SALES ROOM 

Fig. 61.—Floor plan of a small milk plant. {Courtesy of C. W. Arbogast.) 

ing, pasteurizing, and bottling be done in separate rooms. Figure 61 
shows the arrangement of rooms in a small milk plant. 

clothing'Tf10^68’ l0Cker r°T Sh°Uld include showers and lockers for 
Cloth mg If openings are made in the bottom of the lockers and a steam 

P.PC .s installed beneath, damp clothes left in the lockers may bedried 

dail'v d T mebt A SCiPa'at<' r°0m where route salesmen prepare their 
dai,v delivery reports should also be provided. 

Where an attractive building is consfmr*t<><i c i 

business, a social room may be prov"ded^ tor l h86 
y oe provided lor club organizations. The 
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room may be made available for afternoon card parties; and if ice cream 

is also manufactured, service may be furnished for refreshments. A 

trip through the plant may be arranged as an entertainment and advertis¬ 

ing feature. The social room may also be used for meetings when 

employees are brought together at intervals for instruction. Suitable 

furnishings are shown in Fig. 62. 

Fig. 
62 —Social room for club organizations and employees’ meetings. 

Kraftile Company.) 
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After such defects develop, the deterioration is more rapid because of 

the difficulty of properly cleaning dairy products and other substances 

from the surface. Each time such floors are washed, they absorb some 

washing solution. After the water evaporates, the salts in the solution 

remain in the crevices, where they gradually concentrate. According to 

Kanegsberg, solid crystals eventually form, crushing the particles of 

the floor.1 
Portland Cement.—Since well-constructed Portland cement floors 

have most of the qualities needed to resist destructive influences, they 

have been commonly used for many years. Their resistance to corrosion, 

however, depends largely upon the quality of the ingredients, the con¬ 

tractor’s skill, and the care used in protecting them. 

Even when a properly proportioned cement mixture is used with a 

well-tamped and troweled surface, the floor will be cut and chipped by 

milk cans, tools, and other equipment. When the smooth surface is 

thus damaged, corrosion and destruction are more rapid. Hot water 

causes unequal stresses in the surface of the floors, destroying the bond 

with the concrete beneath. Because of these influences, concrete floors 

have a limited service life. 

The properties of concrete will be affected by the relative proportions 

of the cement and water with which it is mixed.2 Surplus water not 

utilized in the chemical process of hydration and not entering into com¬ 

bination with the cement will remain within the mass. As the water 

evaporates, the space it occupies will later become air voids. The larger 

these voids, the more easily the liquids will pass into the concrete. It is 

desirable, therefore, to use the least water that will yet produce a workable 
concrete mixture. 

The use of excess water for mixing will lower the quality of the con¬ 

crete. It will also hinder troweling unless that work is postponed till 

after considerable evaporation. Excessively wet concrete cannot be 

troweled without bringing the fine material of the mixture to the 

surface and thus producing a finish incapable of withstanding abrasion 

Another factor that influences the quality of concrete is the curing 

of the material after the floors are laid. The room temperature should be 

model ate and the surface of the cement kept moist. These conditions 

improve the strength and lower the water-absorbing properties of the 

fiooi As concrete hardens, water continues to combine with the cement 

he longer the curing period, the harder and stronger the concrete The 
curing should continue for a week or ten davs bm J , 

will improve the qualities of the concrete It i . •\ 
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New concrete floors may be treated to make them less pervious to 

moisture and more resistant to the action of lactic acid than untreated 

floors. Some of these hardeners are put into the floor at the time of 

pouring; others are applied after the floor has been installed. These 

compounds tend to fill pores in the finish and to produce a more dense 

topping, either by crystallizing or by acting as a glue. Alundum crystals 

may be mixed with the cement finish coat to prevent slipping on wet floors 

when rubber shoes are worn. Magnesium fluosilicate, sodium silicate, 

aluminum sulphate, zinc sulphate, and various oils, gums, resins, and 

paraffins are used to arrest dust formation from defective floor finishes.2 

Metal Floor Plates.—The concrete floors of unloading platforms and 

milk-receiving, can-washing, and refrigerator rooms are usually subjected 

to severe wear from the sliding and dropping oi cans or from the wheels 

of heavy hand trucks. Metal frames or plates may be embedded in the 

concrete when the floors are constructed to protect them. The fmines 

consist of parallel bars of steel, held together with tie rods, which 

fire-escape platforms. They are placed on the concrete base befoi it 

hardened. Spaces between the bam are filled with* 

concrete as that used in the wearing surface of the floor. I he 

of the metal is left true to grade and exposed to the surface weai . 
Xile —Tile floors are often used in rooms for pasteurizing and bot g. 

Bes”: having a low moisture-absorbing - attract,ve 
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should be strong enough to sustain the weight of the lighter equipment, 
and, if necessary, should be reinforced with corrugated steel bars to 
prevent settling and cracking where heavy machinery must be installed. 
Concrete machinery foundations should be constructed in excavated 
areas beneath the concrete floor level. 

Well-burned paving tile will resist hot water, thermal shock by hot 
water, and corrosion by lactic acid. When properly selected and laid, 
they will withstand heavy traffic and hard wear. The weak point in 
floors surfaced with tile is the joining material. If this material (tile 
grouting) is of the ordinary cement mixture, it gradually deteriorates, and 
the tile must in time be reset. In recent years, grouting materials have 
been developed that give an impervious joint with the tile. These 
materials are acidproof and, being non porous and chemically inert, are not 
affected by cleaning compounds or boiling water. One type, a plasticized 
sulphur compound, is poured hot into the tile interspaces. It sets up 
hard and is impervious and resistant to the action of lactic acid. Another 
material, a phenolic resin, is used as a cold mortar, which rapidly hardens 
to produce, in one combination, a dense impervious joint resembling red 
plastic and, in another combination, a black joint. 

In laying a tile floor, one should keep the surface smooth, and particu¬ 
lar attention should be given to having the joints flush with the tile sur¬ 
face. If the grouting is left with a concave surface, liquids will be retained 
on the surface and, also, wear on the edges of the tile from traffic will be 
increased. If the edges of any tiles are left raised above those adjoining, 
they will become chipped by the wheels of trucks or the sliding of milk 
cans over the floor. 

Oidinary hexagonal bathroom tile are satisfactory when laid smooth 
over a well-constructed concrete base. They are especially suitable for 
laboratory floors, where the wear is not severe. In pasteurizing and milk- 
bottling rooms, however, the large red tile measuring 6 by 6 inches or 
8 by 8 inches are more commonly used. They are durable if the grouting 
material is resistant to corrosion, and they give an attractive appearance 
ii the walls and ceiling are finished with a light color. 

Any hand trucks used in rooms with tile floors should have composi- 
lon wheels these will damage the surface less than do steel wheels. 

nek. Vitrified brick is sometimes used for flooring in dairy plants 
It may be preferable to tile and also to concrete for washroom! and 
receiving rooms where the floor is subjected to greater wear horn milk 
cans dropped or slid across the floor. This construction may b partTct 

eveV h" h:'iIh,'rC h6aV" trUCk6 are used- In rooms where the wea 1 

Placed 0n edSC to the floor greater 
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Brick floors may also be used in processing and milk-bottling rooms 

that undergo less wear. In these rooms the brick are usually laid flat. 

Figure 64 shows a brick floor with an attractive pattern. 

The grouting material used in the laying of brick floors is subject to 

the same deteriorating influences as those described with respect to tile 

floors. If the vitrified brick is carefully selected and if acidproof impervi¬ 

ous joining material is used, brick floors are durable and satisfactory. 

Asphalt — 
cc _ _ >> 

-Asphalt floors in several combinations of materials classified 
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Terrazzo.—The construction of terrazzo floors resembles that ot 

cement floors. Before the concrete base has set, a cement surface 0.5 

to 1 inch thick is applied, over which marble chips of irregular shape are 

spread and then rolled into the cement. When the floor reaches a certain 

degree of hardness, it is ground and polished. Figure 05 shows a terrazzo 

floor constructed in an employees’ locker room. 

Terrazzo floors have been durable for office, laboratory, and locker 

rooms; they give an attractive appearance. For milk-processing rooms, 

razzo floor used for an employees’ locker room. Note floor drain used in 
( caning the room. (Courtesy of Bowman Dairy Company.) 

they are less satisfactory, being subject to all the disintegrating factors 
that affect cement floors. 

Slope of Floors. One common defect of floors in dairy plants is a 

lacfc of proper drainage to keep them free from water. If they do not 

slope sufficiently to the drains or if the drains are not large enough to 

carry away the drainage water, the employees will have their shoes and 

c othing damp, and their work will be disagreeable. Work will not be 
so well performed under such conditions. 

I he floors ol all processing rooms, receiving rooms, and washrooms 

should slope at least 0.25 inch to the foot. This slope should increase 
somew hat near the drain oi^lets 
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usually, close supervision by the owner will be necessary to secure a 

(one lete flooi with a smooth, even surface and a satisfactory slope to the 
drain. 

Floor Drains.—The floors of the receiving room, washrooms, and proc¬ 

essing rooms should be connected with the main drain line that leads 

to the sewer. One or more drains are located in each room. In large 

rooms, there may be several. The bell type of floor drain should be 

used. Drains should be arranged in line and about 15 feet apart, with 

provision for a slight rise in the floor level between them. They should 

be connected with a cast-iron sewer pipe to carry the liquid to a point 

about 3 feet outside the building line. At that point a grease trap should 

be installed to collect the fat which collects in the drain water and which, 

unless kept out of the system, will clog the sewer pipes. The grease 

trap is usually a concrete box constructed in the drain, the bottom of the 

box being 2 or more feet below the inlet pipe. The top of the outlet 

pipe should be level with the bottom of the inlet pipe. The outlet pipe 

should have an ell extending about 6 inches below the top of the liquid 

so that the fat accumulating on the surface of the liquid will not pass into 

the sewer line. The grease trap is required by certain city ordinances. A 

glazed terra-cotta pipe may connect the grease trap with the main sewer 

line. 

Some dairy plants have a long gutter drain constructed in the floor 

throughout the length of the rooms and covered with an iron grill. Such 

drains, being hard to clean, are usually unsatisfactory. 

OTHER CONSTRUCTION FEATURES 

Installing Water, Steam, and Refrigeration Pipes.—Water, steam, and 

refrigeration piping may be installed in a tunnel beneath the floor of 

processing rooms, or they may be suspended from the ceiling and passed 

through the walls of the various rooms. Usually, they are installed near 

the ceiling, suspended in metal frames so that they are in the same hori¬ 

zontal plane. Their installation in a tunnel has advantages foi those 

rooms located on the ground floor. The rooms look neater and afford 

fewer places for dust to collect. 
A tunnel, if used, should be dug at the same time as the excavations 

for the walls. A space at least 4 feet wide and 6 feet deep should be 

provided to allow working room for the repair or replacing of piping after 

the building is constructed. The walls and floor of the tunnel are usually 

of concrete, which should be poured at the time the foundations are 

prepared and before the floors are laid. 
The various pipe systems are installed ajong the walls of the tunnel, 

supported on brackets that are placed in the forms before the concrete 

walls are poured. The pipes are brought into the processing rooms at the 
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place where they will be used, through steel or wrought-iron pipe sleeves 

installed through the floor slab. To accommodate the number of pipes, 

the sleeves are usually 15 inches or more in diameter. After the pipes 

are installed in the metal sleeves, the sleeves arc capped with galvanized 

iron and filled with a soft cement mixture. The cement can be easily 

removed, if necessary, to change the pipe arrangement. 
Walls.—The walls should be durable and finished smooth so that they 

can be kept clean. Concrete, brick, hollow tile, and cement blocks arc 

Fiu. 66. Dairy-products processing room of a college creamery, showing interior 
construction. Tile wainscoting to bottom of windows. Note steam, water, and brine 
pipes brought into the room from the tunnel through metal sleeves; also light wells from 

satisfactory. Wood construction is not desirable because water and 

steam, in daily contact with the walls, will rot the timbers. 

The walls of processing rooms should be 12 to 14 feet from the floor 

to the ceiling. Many modern rooms have a wainscoting of smooth tile 

or glazed brick. Walls with tile wainscoting are shown in Fig 66 

Others have the entire inner wall surfaces finished with these materials.' 
llie^ aie easily cleaned and require no paint. 

Dl'^1,‘erCAtleHif 'T USed’ *«e Wa“S Sh0uld bo surfaced With cement 

t * * fp °7 rC'fiCatl0n 18 38 f0ll0ws: The first «oat consists 
of 1 part of giay Portland cement, 3 parts of river sand, and 10 per cent 

m volume of cement of hydrated lime. An even thickness of 0 5 inch 
s applied over all surfaces, firmly pressed into place, and well scratched 

The SeC°nd’ 3 Pa‘nt * « after the first TOat is set and thot 
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oughly dry. It is composed of 1 part of white cement, 2 parts of sand, 

and 10 per cent in volume of cement of hydrated lime. This, mixed in 

the form of a liquid grout, is applied to all surfaces with a brush. The 

finish coat is the same as the first coat and is troweled smooth. 

Where no tile is used to protect the lower surfaces of the walls from 

damage to the paint by water, the floor surfacing may well be extended 

for a loot or more up the wall. The juncture between the floor and walls 

should be slightly rounded for ease in cleaning. 

tm fflv 

*•**: * r- . v - 

- - /: • • - 

' . 

„ v 
Fig. 67.—Electric fan of the paddle type when installed above door entrances will frighten 

flies awav from entrances of milk plants. 

Doors and Windows.—The number of outside doors should be limited 

to the actual number.required for operating the plant. In planning the 

structure, one should carefully consider the protection of milk and equip¬ 

ment from flies. One should also provide for taking machinery in and 

out of the building. Doors large enough for this purpose will be harder 

to protect against the entrance of flies. A removable panel, installed in 

one side of one of the doors, can be taken out to admit machinery and kept 

closed at other times. 
Outside entrances to rooms where milk and other dairy products are 

processed should have self-closing panel or glazed doors. Where they 

cannot be kept closed or where there is much traffic through them, an 

electric fan of the paddle type may be installed above the entrances, or a 

thin draft of air from a metal duct may be forced downward and outward 

from the top of the door. Flies will usually turn away from the doorway 

when they feel the force of the air, and the device will aid materially m 

excluding thCrecei^ing may be protected against flies by having the 

milk delivered in cans pass through a narrow tunnel on a conveyer. 
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the outside entrance to the tunnel has a curtain of cord fastened over the 

opening flies will be discouraged from entering with the cans, 

tunnel may be painted black on the inside to encourage the flies to escape 

toward the outside light, should they pass into it with the cans. 

The windows should, if possible, be of the factory type, with stee 

frames. Steel is preferable to wood because it looks better and is more 

durable. The frames may be equipped with sections pivoted at the bot- 

■■■ 

Fm. 68.—Skylights used for lighting a large milk-processing room. (Courtesy of Kraftile 
Company.) 

tom to open in from the top for ventilation, and the metal may be treated 
to resist corrosion. 

Although double-hung windows with wooden frames may be used, 

they deteriorate rapidly unless painted often to protect them from the 
absorption of moisture. 

The requirement for window space is usually met if the window area is 

not less than 10 per cent of the floor area and if light is evenly distributed. 

The roofs of one-story buildings may have skylight windows, con¬ 

nected with the processing rooms by light wells. The light is more 

evenly distributed by this means, and less artificial lighting will be 

required. Figure 68 shows skylights in a large processing room. 

1 he type of window selected should allow the installation of window- 

screen frames that open outward. This arrangement permits the 
removal of flies from the building. 
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Ventilation. Proper ventilation is important to remove excess mois¬ 

ture and to maintain comfortable working conditions. Much moisture 

usually results from the heating and cooling of milk and the use of steam 

for sterilizing equipment. It condenses on the ceiling and walls and drops 

into the equipment, thus causing contamination, unless the rooms are 

ventilated sufficiently to carry it from the building. It also damages the 

paint, the woodwork, and the metal equipment. 

Fig. 69.—Exhaust fan for ventilating milk-processing rooms. The force of the air from 

the fan automatically opens the shutters located in the fan frame and installed flush with 
the outside wall surface. When the fan is stopped, the shutters automatically close, pre¬ 

venting flies from entering the room from the outside. 

Such condensation of moisture is more extensive in cold weather. 

Ceilings of one-story buildings or the upper floors of multistoried buildings 

may be insulated to prevent this condition during cold weather.. 

Where skylight windows are used, a double glass construction with 

an air space between serves to prevent moisture from condensing on the 

surface of the inner windows. # . . 
Usually, the mere opening of windows does not give satisfactory ven¬ 

tilation. Exhaust fans in the walls near the ceiling are effective in draw¬ 

ing the air through the rooms and passing it out through the walls with 

moisture it collects. Steam from bottle and can washeis should be 

niDod directly to the outside. , , , 
P ^Steam radiators may be installed on the walls of milk rooms to heat 

the air In cold weather, they are beneficial, in addition to the exhaus 

ans in preventing excessive condensation of moisture. In zero weather, 

howe'er the radiators are not sufficient for ventilation. The tempera- 
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tures in different parts of the room will vary many degrees unless the 

warm air is circulated with a fan. For this purpose, unit heaters have 

been used. A fan in each unit forces air across a steam-heated element. 

The fan circulates the warm air to all parts of the room and is reputedly 

six times more efficient for heating than steam radiators used without the 

fan. The circulation removes steam fog from the room and condensed 

moisture from the walls and ceilings. In warm weather the work in a 

Fig. 70. Wall fan for circulating air through processing rooms in warm weather. (Cour 
tesy of Marathon Electrical Manufacturing Company.) 

dairy plant may be very disagreeable unless satisfactory ventilation i: 

provided. In ceitain large plants, outside air is drawn into the buildup 

with a fan and is forced through a spray of cold water, which cools i 

and removes dust particles. Large air-circulating fans may be installet 

on the walls above the level of the equipment, directing a draft of ai 

rough the room to add to the comfort of employees. Air thus circulate! 

a so dues the floors and exterior of equipment after washing and steriliza 
tion are completed. 

factorvttr0“ed 7 C°nfi0njng haS bcen developed to maintain satis 
fac tm > temperatures, humidity, ventilation, circulation, and cleanlines 

aid” thTreTai, ^ ^ laborato. 
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Air Conditioning.—Air conditioning may consist of a separate-unit 

system where steam or hot water is used for heating, with one or more 

radiators in each room. This system may include replacing the radiators 

in summer with fans that circulate the air over finned coils that occupy a 

separate section. Separate sets of pipes are provided to carry steam or 

hot water in winter and cold water or a refrigerant in summer from central 

basement plants to the respective elements. In winter the air is humidi¬ 

fied by water sprays located in the lower part of the unit. In summer the 

air is dehumidified by cooling coils that condense the moisture out of 

the air. A drain pan at the bottom of the unit collects the excess spray 

water in winter and the condensed moisture in summer. 

Filters may be placed in each unit for cleaning the circulating air and 

also the outdoor air that may be introduced through ducts into the 

back of the individual units. 

A building may be air-conditioned by a central-plant system in which 

a duct system circulates the air through a central conditioning plant. 

The air recirculated from the various rooms is returned to the plant 

in the basement, where a special connection introduces air from outdoors. 

The mixture, drawn through the air-conditioning unit, is forced back 

to the individual rooms through the distributing ducts. 

The conditioning of the air consists in drawing the air through fiber 

or metal-wool filtering material to remove dust. It then passes the fan 

that creates the air circulation. In winter the air passes a water spray 

that humidifies the air and then the hot water or steam radiators that 

do the heating. For summer conditioning a refrigerated coil replaces 

the heater, and the air is lowered to the temperature desired. Even when 

air conditioning is used in processing rooms, an exhaust fan installed in 

the wall of each room to remove moisture direct to the outside is usually 

desirable. . . . . 
Painting.—Frequent painting of walls and ceilings is important to 

protect the surfaces from moisture and to keep the rooms attractive. 

A <dossy finish is easier to clean and more resistant to the absorption of 

moisture than the flat paints that contain less varnish and more 

turpentine. . 
White paint is commonly used in dairy plants. It has a giea 

reflective value than other colors and therefore gives a lighter appearance, 

the requirements for artificial lighting being thus reduced. A cream, 

gray, or other light color may be used if preferred to white. 

The first painting of new walls usually consists °* a pnJ“ g , fi t 
white lead and linseed oil; another similar coat applied, after the fin t 

is thoroughly dry; and then a coat of finish enamel. 
The priming coat for wood surfaces should be thin enough 0 PCIf r 

the wood, satisfactory adhesion being thus ensured; and ,t should dry 
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flat to provide a good base for the next coat. For these reasons the pro¬ 

portion of turpentine is relatively high, particularly on such woods as 

hard pine and cypress, which do not absorb paint readily. The materials 

used in the priming coat should be the same as those in subsequent coats, 

although the proportions may vary. The priming coat for enamel finish 

may be either enamel or oil paint.3 
After this coat is applied, all nail holes, cracks, and similar surface 

defects should be filled with putty. 
For best results, one should sandpaper lightly each layer of paint, 

enamel, and varnish before applying the next. The rubbing removes 

the rough spots caused by dust particles and promotes a better suiface 

for the adhesion of the next coat. The finest sandpaper should be used, 

care bein^ taken not to cut through the film. After sanding, surfaces 

should be wiped clean. The next-to-the-last coat may be rubbed with 

pumice and water instead of sandpaper, to secure the highest grade of 

finish for enamel or varnish. 

Ample time must be allowed for each coat to dry before the next is 

applied. For best results the paint, varnish, or enamel should be 

strained several times during the operation. The brushes should be 

kept clean. At least two undercoats should be used for paint and varnish, 

three or four for enamel. 

Finish Coat.—Paint may have a gloss, an eggshell finish, or a flat 

finish, depending upon the amount of turpentine and upon the pigments 

used. A little varnish added to the finishing coat will increase the gloss. 

Where rooms have been previously painted with the same color and 

the paint is in fairly good condition, one coat of high-quality paint will 

often suffice. There is an economy in repainting frequently enough to 

restore the oil to the pigment before it dries and peels from the surface. 

If peeling occurs, the undercoats must be restored before the finish coat is 
applied. 

If the previous paint film is cracked, chipped, or peeled, the loose 

paint should be removed with a wire brush, the rough spots rubbed with 

sandpaper, and the surface cleaned thoroughly. 
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CHAPTER XII 

MILK-PLANT OPERATION 

METALS USED IN MILK-PLANT EQUIPMENT 

The selection, operation, and maintenance of milk-plant equipment 

influence the quality of the products and the cost of processing. Selection, 

in particular, deserves careful study. Recent improvements and new 

materials may improve the efficiency of operation. Equipment should be 

durable and should not affect .the flavor. It should have the proper 

capacity for handling the volume of milk to be processed and should be 

easy to clean and operate. 
Tinned Copper and Tinned Steel.—Tinned copper and tinned steel 

have been used in dairy apparatus and equipment since the beginning of 

commercial dairy manufacturing. I he tin plating of copper and steel, 

when the coating is properly applied, protects them from the action of 

milk; but as was emphasized in Chap. X, the tin coating is not permanent. 

In city milk plants these metals are being rapidly replaced, when practica¬ 

ble, by metals not acted upon by milk. On dairy farms, tinned copper 

or tinned steel may often be satisfactory for milk pails, coolers, and vats, 

for cold and warm milk do not affect them so readily as does milk at the 

pasteurizing temperature. As was mentioned in Chap. X, however, 

milks vary in the amount of copper required to cause an oxidized flavor. 

For milk especially susceptible to this flavor development the possibility 

of reducing copper contamination on the farm should be investigated. 

In the United States, tinned steel is generally used in milk cans. It 

is satisfactory when heavy enough to withstand rough handling and when 

the tin coating is thick enough to protect the steel from the action o 

milk The cans should be inspected regularly so that those with tin 

removed may be retinned before being again placed m service. he 

tinned surface of sanitary copper milk pipes, which have been used 

commonly, is gradually worn off by brushing during cleaning and by the 

actioT of washing solutions. When milk is pumped through turned 

cornier pipes, it removes the tin from the right-angle turns of the mi ^ 

lines more rapidly than from the pipe line itself. Even pipe inch cairy- 

ing cold milk between the weigh-tank and the storage a a s 

thi Cower AUoys.-In the dairy industry, copper alloys have been used 

to a'considerable extent, and brasytrainers, bronze and monel-metal 
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fittings, and bronze 

recognized, however, 

:e sanitary milk pumps more widely. It is now 

[•, that sufficient copper will be dissolved when hot 

milk comes in contact with these alloys to influence the flavor after the 

milk has been held for two or three days. 
As was mentioned in Chap. X, certain copper-nickel “white-metal” 

alloys containing tin and zinc have less influence Qn milk flavor than do 

the copper alloys such as monel metal and bronze. Technical difficulties 

have been encountered in fabricating from stainless steel certain dairy 

equipment such as fittings, valves, and bearings. The copper-nickel 

alloys just mentioned may be used in fittings and other small parts of 

equipment, provided that hot milk is not exposed to their surfaces for 

very long periods. 

In selecting equipment for a market-milk plant, one should carefully 

consider the materials. Since copper, copper alloys, and certain other 

metals are detrimental to the flavor of milk, equipment made of these 

should be avoided as far as possible. To be sure, the solution of a minute 

amount of copper from a single fitting or small piece of equipment may 

not markedly influence the flavor of milk within a reasonable time. 

Nevertheless, as milk passes through many pieces of equipment in a 

pasteurizing plant it may accumulate, from different points, a small 

amount of copper which will be sufficient, when the processing is com¬ 

pleted, to cause an objectionable flavor defect. As far as practicable, 

market-milk equipment should be made of noncorrodible materials. 

Nickel.—Within the last decade, nickel has been used for milk coolers, 

pasteurizing vats, and coils. This metal is more soluble in milk than 

other metals commonly used for dairy equipment. The corrosive action 

of milk on metals is enhanced when air is mixed with the milk, as happens 

when milk is passed over nickel coolers. Hot milk frequently discolors 

the upper tubes of nickel coolers for this reason. Nickel is unsuitable 

for the surfaces of cheese vats or in buttermilk making, because of the 

high acidity; but it is not corroded by alkali cleaners or chlorine sterilizing 

solutions.1 It is now more commonly used in chromium-nickel and 
chromium-nickel-steel alloys. 
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by alkali washing preparations, although such deterioration can be 

avoided by using preparations that contain silicates or chromates. 

Alkaline chlorine sterilizing solutions and alkaline brines likewise corrode 

aluminum. Chromate added to brine has a protective action in prevent¬ 

ing corrosion of this metal. 

Glass-enameled Metals.—Glass-enameled steel vats are used to a 

considerable extent, particularly for pasteurizers, storage vats, and tank 

cars. Such surfaces are not acted upon by milk and hence cause no 

flavor changes. The glass coating is applied by spraying a blue-colored 

silica mixture over the surface of the metal and baking equipment in a 

furnace to a temperature that causes the silica deposit to fuse with the 

metal. Because the glass coating is brittle, care must be taken not to 

drop into the vats heavy tools that might chip off portions of the glass 

and leave the metal exposed to the milk. 
Chromium-nickel-iron Alloys.—Chrome-nickel-iron alloys, known 

commercially as “stainless steels,” have been used in dairy equipment 

during recent years, the demand having increased rapidly because ol 

their resistance to corrosion and because of their durability. Stainless- 

steel alloys of different compositions have been developed for different 

uses, but the one most satisfactory for dairy equipment contains approxi¬ 

mately 18 parts of chromium and 8 parts of nickel alloyed with iron. In 

ordering dairy equipment, one should specify this metal as chromium- 

nickel-iron of the 18-8 series. This alloy is nonmagnetic, whereas 

“stainless” chrome-steel alloys not containing nickel are magnetic. 

Hunziker suggests the testing of purchased stainless-steel equipment with 

a magnet to make certain that the nonmagnetic type is received.1 

Stainless steel is now used in fabricating nearly all types of dairy 

equipment and apparatus but is not commonly employed for such parts 

as pasteurizing coils where steam and brine are both used through the 

system. Stainless steel pipes are installed throughout many maike - 

milk plants in order to avoid copper contamination in the milk. Since 

the metal alloy of these pipes is uniform in composition there is no pla e 

surface to wear off. The inner surface of stainless-steel pipes is umforml) 

smooth and easily cleaned. The exterior finish is planned to suit the 

bUThe chromium-nickel-iron alloys resist atmospheric corrosion because 

of a continuous self-perpetuating chromium ox.de film * 
TWWs the chromium content of the alloy must be at least 12 pc < c 
Hedges tnc cnioimu nrotective film.2 Chromium-mckel-steel to ensure the formation of this protective mi T, • t m 

,, f .1,. iso ,„„,s are known as “austenitic” steels. This term 

refers to a solid solution of carbon in iron. '"^n f"t"h 

isrjfts tsssssiA^ — 
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temperatures. If the steels, during fabrication, are heated to tempera¬ 

tures in the range of 900 to 1500°F„ a precipitation of carbides takes 

place at the boundaries of the crystalline grains of the alloy 1 he mo¬ 

tion of carbide destroys the homogeneity of the alloy ; and because the 

protective film does not form at these points, potential corrosion areas 

result. Such areas must be “passified” to render them again capable of 

film formation. Nitric acid is used to dissolve the carbide from the sur¬ 

face, the chromium being thus left free to form the chromium oxide film. 

Maintaining Stainless-steel Equipment—When stainless-steel alloys 

of the 18-8 series are finished with a smooth polished surface, they are 

remarkably resistant to corrosion by milk and dairy products. 1 he sui- 

faces must, however, be left smooth; otherwise, foci of corrosion may 

occur. Roughened areas may occur on the surfaces where metal sheets 

have been welded. Such surfaces should be ground smooth and polished 

to maintain a corrosion-resistant surface. 

Certain injuries to stainless steel may develop as a result of errors 

in fabrications, such as overheating during welding. A defect in a stain- 

less-steel milk storage vat was observed to occur at a point where steel 

standards were welded to the surface of the vat. A small area of dis¬ 

coloration appeared on the inside of the vat opposite the point of welding, 

and the metal became pitted. The corroded area was treated by scraping 

off the discolored metal with a sharp-edged instrument made from hard 

steel. Next, the surface was rubbed with emery cloth of medium grit 

and smoothed with emery cloth of fine grit. The metal was then passi¬ 

fied by treating it with nitric acid. Stainless steel may be passified with a 

nitric acid solution diluted to a strength of 10 to 20 per cent and used at a 

temperature between 125 and 145°F. The acid is applied to the treated 

surface with a cloth swab, to avoid injuring the hands. After the area 

has been bathed with nitric acid for about 20 minutes, the acid is removed 

completely from the surface by a thorough rinsing with hot water. 

If stainless-steel vat linings or covers should become corroded on the 

insulation side of the metal so that the corrosion extends through the 

metal and appears on the exterior surface of the vat, the area may be 

cleaned by scraping with a sharp instrument, and the opening filled with 

solder to prevent moisture or dairy products from entering. Special 

precautions for soldering stainless steel consist in using a strong agent to 

develop a clean metal surface. For this purpose a mixture of hydro¬ 

chloric acid and zinc chloride is effective. Since polished surfaces are 

more resistant to etching by soldering fluid, the flux should remain on the 

surface longer than when tinned metals are being soldered. Care should 

be taken to prevent the contact of the flux with metal where solder is 

not t o be applied. After the soldering, any excess acid should be removed 

by thoroughly washing the surface with a weak alkali solution. 



220 THE MARKET-MILK INDUSTRY 

Stainless steel vats, as now manufactured, seldom develop defects 

from corrosion. Any corrosion that occurs will be slow and, if treated 

as described, will usually be overcome. Stainless-steel wool rather than 

steel wrool should be used for cleaning stainless-steel vats. 

Chromium-nickel Alloys.—Chromium-nickel alloys have been used 

in dairy equipment and will resist corrosion by milk, provided that they 

contain 12 to 14 per cent of chromium. This alloy contains 81 to 83 

per cent of nickel, and one manufacturer reports the presence of 5 per 

cent of iron. 

Since chromium-nickel alloy has better workability than the chro¬ 

mium-nickel-iron alloys, it has a special application in the fabrication of 

the heating and cooling coils used in pasteurizing vats. 

OPERATION OF THE CITY MILK PLANT 

To show the order of operations in the processing of milk, the follow¬ 

ing outline is presented. The chapter numbers after certain operations 

indicate where detailed discussions of these operations may be found. 

Receiving department: 
Tank-car and tank-truck shipments (Chap. IX). 

Grading (Chap. VIII). 

Weighing. 

Sampling (Chap. VIII). 

Can washing (Chap. XIII). 

Delivery to storage tanks. 

Pasteurizing department: 

Standardization (Appendix). 

Filtration or clarification. 

Pasteurization (Chap. XIV). 

Cooling (Chap. XVI). 

Bottling department: 
Bottling and case washing (Chap. XIII). 

Bottling. 

Capping. 

Inspection of bottles. 

Delivery to milk-storage room. 

By-products processing department: 

Separating cream. yvttd 
Processing table and whipping cream (Gimp. A V llij. 

Buttermilk, chocolate milk, etc. (Chap. XI- ). 

discusses general proceuuies m f——® 

THE RECEIVING DEPARTMENT 
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sion. Milk is usually delivered to the city plant in truckload quantities. 

When possible, these deliveries should follow a schedule in order to 

prevent unnecessary delays that would harm the product. If the milk 

is received continuously during the scheduled period, operations in the 

plant will not be interrupted, and employees in the various departments 

will be fully occupied. 
When the milk is delivered in 10-gallon cans, the truck drivers should 

segregate each patron’s cans. In large plants the cans may be placed 

Fig. 71.--Insulated milk-storage tank. Note the manhole for entering the tank for 

PaS? C'ompanyTm0nia agitat°r'C°°ler at the left of the ““hole. (Courtesy of Creamery 

Oil a steel plate at the head of a conveyer, which conducts them to the 

weigh tank. If the weigh tank is installed above the level of the floor 

the top should he slightly higher than the conveyor in order that the cans 

may be dumped from the conveyer and any lifting avoided. Some plants 

are arranged with the top of the weigh tank slightly below the floor level 

so that the milk from the delivery trucks may be placed on the floor of 

the receiving room and slid across the room on steel plates to the weigh 

tank. The alter procedure facilitates the grading of milk in each can 
before it is dumped and weighed. 

Receiving-station Shipments.-!,! the city plant, milk may be received 

edher ron, country plants or from direct shipments from farms If 

Shipped from country receiving stations, it has already been graded', 



222 THE MARKET-MILK INDUSTRY 

weighed, sampled, and cooled. It may be weighed and sampled again, 

or the receiving-station report may be used. The latter procedure 

applies especially to tank-truck shipments. Milk received from country 

stations is usually cool enough to go directly to insulated storage tanks 

without further cooling. Figure 71 shows a 1,000-gallon insulated storage 

tank equipped with an agitator and with a direct-expansion ammonia 

72_One compartment weigh tank upended from scales with a receiving vat beneath 
72. une comp f Thc Pfau<Uer Sales Company.) 

cooling disk. If the milk requires further cooling, the refrigei ation 

■“,Z SSSJU i— x—" 

“ - ™rr srascs 
the washing and sterilization o ■ station must now be per- 
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in Chap. VIII should be followed. If the milk has not been cooled suffi¬ 

ciently on the farm or has increased in temperature during shipment, 

it should be cooled and held in insulated storage tanks unless it is to be 

pasteurized immediately. 
The milk shipped direct arrives in cans belonging to either the com¬ 

pany or the farmer. In both cases the cans are marked with the patron’s 

number and must be returned on the correct' route. Before being 

dumped into the weigh tank the milk should be graded, and any of poor 

quality should be set aside and disposed of separately—perhaps in manu¬ 

facturing. If the weigh tank has two compartments, one may be used 

for first-grade milk, the other for second-grade or manufacturing milk; 

and each grade may be conducted by sanitary piping to separate equip¬ 

ment in the plant. The two-compartment weigh tank saves considerable 

time in receiving, particularly when milk comes from many small pro¬ 

ducers. Figure 72 shows a one-compartment weigh tank on a suspended 

dial scale with a shallow receiving vat beneath. 

In small plants, milk may be weighed in the can in which it is received. 

Platform scales may be used. The platform should be on the same level 

as the floor in order that cans may be rolled onto the scale and lifting 

avoided. Most plants, however, use suspension weigh-tank scales con¬ 

nected by a lever system to a large dial that automatically indicates the 

weight of the milk delivered. Milk-receiving scales now available pro¬ 

vide a printed weight record on the weigh ticket of the individual patron. 

Scales should be tested frequently to determine their accuracy and, if 
necessary, adjusted. 

Washing Milk Cans. Cans should be washed and rinsed as soon as 

possible after the milk is removed from them. In good commercial 

practice, they are placed on a drip saver as soon as the milk is poured 

into the weigh tank. After one or two minutes, they are ready for wash¬ 

ing and sterilizing. Either hand washing or machine washing may be 

used, depending on the number of cans. Can washing is discussed in 
Chap. XIII. 

PASTEURIZING DEPARTMENT 

Storage and Standardization.-The milk from the weigh tanks in the 

receiving department flows by gravity into a receiving tank from which 

Td b,6, PU“ped <"*»«»* coib to storage tanks, Wtih tilt 
method, the storage tanks should be sufficiently insulated to maintain a 

low temperature until the milk is further processed. Each storage tank 
should be equipped with an agitator with which the mill- is f\ , 

being drawn from the tanks for pasteurization "K * m,X°d bef°r° 

hen each tank is filled, samples are taken and tested for fat Tf 

standardization is necessary, enough fresh cream or skim milk is added 
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to each storage tank to give the fat percentage desired. (Problems in 

standardization are discussed in the Appendix.) In one system the 

storage tanks are located on an upper floor. The milk is pumped from 

the receiving room to the floor above. It then flows by gravity to the pre¬ 

heater, filter or clarifier, pasteurizer, cooler, and bottling machine. In 

another system the milk is pumped from the storage tanks through a 

preheater and filter into the pasteurizer. Thence it may flow by gravity 

to the cooling apparatus, or it may be pumped to the cooler while 

hot. 

Occasionally, milk is taken to an upper floor in cans on an elevator or 

automatic can lift. Here it is weighed, and the cans are washed and 

sterilized before returning to the lower floor. The milk from the weigh 

tank flows by gravity to the processing equipment on lower floors. 

This latter system is not now so common in milk plants. The sanitary 

features of milk pumps have become entirely satisfactory. There are 

several types of pump, all available in different sizes and capacities. 

Centrifugal, rotary, valveless, and piston sanitary pumps are used in 

dairy plants; each type has special characteristics. In general, pumps 

should cause as little metal contamination as possible. If stainless steel 

can be used in the impellers, the case, and other parts of the pump that 

come in contact with milk, one important source of metal contamination 

is eliminated. 
Where milk is to be transferred to equipment on the same floor level, 

centrifugal pumps are commonly used. 1 hey should be installed with a 

gravity feed in order to keep the pump full of milk and prevent foam 

formation. A regulating valve should be installed in the discharge line 

when it is desired to give a constant flow of milk to separators, coolers, 

and other fixed-capacity equipment. Centrifugal pumps should have a 

capacity slightly greater than the maximum required, and the output 

should be regulated by the valve in the discharge line. 
Filtering and Clarifying.—Milk received at a large pasteurizing plant, 

from many sources, varies in quality; the buyer cannot entirely control the 

cleanliness with which milk is produced. It is desirable, therefore, to 

pass milk through a filter or clarifier before pasteurization in order to 

remove any visible sediment. Obviously, soluble dirt cannot be removed; 

sanitary production requires that dirt be prevented from entering the milk 

as far as possible. Some dairymen pass milk through a metal strainer or a 

cotton filter (Fig. 17) before cooling it. A sediment test at the receiving 

station usually indicates the producers’'ability-to remove^e“ at^ 
farm rather than the cleanliness of milk production. The latter point 

must be determined by inspection of the dairy during milking. 
Milk Filter,-Several types of filter are available They are of wo 

general classes: those that filter warm milk and those that filter • 
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There is a trend toward the increased use of filters that will filter cold 

milk, for a preheater is then not required and there is less solution of 

extraneous material at the low temperature. 

The material for warm-milk filters is usually fine-meshed cloth, such 

as Canton flannel, with a long nap on one or both sides. In one type of 

filter, cotton, backed with wide-meshed gauze, may be used. Filters 

differ in the manner of holding the cloth. In one type the cloth, in the 

form of a bag, is installed over a metal frame placed in a drum type of 

container, through which the milk is forced. This type is used for large 

operation. It has a large surface exposed, and the milk is less apt to 

carry sediment through the meshes of the fabric. The same principle 

of the bag filter is used in an “in-the-line” filter. This consists of a 

cylinder somewhat greater in diameter than the sanitary pipe line, in 

which a filter bag is installed over a perforated metal frame. This type 

is not satisfactory for filtering large volumes. A third type of warm-milk 

filter has the cloth held flat in a frame having glass-enameled surfaces 

(see Fig. 68). The milk enters the lower surface of the cloth and passes 

upward. With this arrangement the particles of sediment are not 

deposited on the cloth, and the probability of sediment’s being forced 

through the fabric is greatly reduced. 

Milk is usually filtered under pump pressure; milk must be warmed 

to between 100 and 120CF. for satisfactory filtering except where specially 

designed cold-milk filters are used. For this purpose a flash internal 

tubular or a plate-type preheater is commonly used. In this system 

the milk passes from the heater through the filter under pressure. From 

the filter, it may pass through a second heating unit, which heats it 

further and delivers it through sanitary piping to the holding vats at the 

pasteurizing temperature. In small plants the milk may pass directly 

from the filter into the pasteurizing vats, where it receives additional 
heating through the jacket or coil of the vat. 

The filter cloths or cotton pads usually need to be changed several 

tunes during the operation. A supply of clean sterile cloths should be 

available in a protected container. Many large plants use two filters 

f• n «n e,“u T k pipe line 80 that the ™lk can be diverted 

changed6 ^ ^ t0 PreVent ddayS WhUe the cloths arc being 

In large milk plants the usual practice is to use filter cloths onlv 

::rsuc hi.,:zthT; ■ vr :rrl aml used fw K1 such pm poses. It is difficult to rinse all the milk from filter cloths 
to sterilize them properly without special facilities If i 

than once without thorough sterilization they may cause hi-fiT /""I 
counts. The cleaning of lightweiuht filter - Ju * 8 bacterial 

and hence decrease the effectiveness of the filtering.^ St‘P:U'ate the mesh 
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Effect of Filtering on Milk.—According to Dahlberg and Marquardt,3 

the filtering of milk at any temperature does not influence the creaming. 

Neither the plate nor the direct microscopic count showed any uniform 

effect in the bacteria content as a result of filtering. Tn the work of 

Fig. 73.—"Air-tight" milk clarifier, o, bprovided in cream 

Jacobsen and 0.son,< filing 
11.28percentat60‘F.,7 45percen a9J^and^ Action in cell 

Dahlberg and Marquardt hout\ < , ^ The differences in redue- 

— * different temperatures are not sufficient 

“ c',5::“ i-*« r-"* rrrr- 
operation. They differ, however, in that 
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by one spout rather than two as with the separator, which has one for 

cream and one for skim milk. 
When milk is clarified, sediment is removed by centrifugal force. 

Dirt and cells are thrown to the surface of the bowl, where they 

adhere to the metal and form a sticky layer like that in separator bowls. 

Dahlberg and Marquardt3 found that clarification had the least effect on 

the cream-layer volume if the milk was clarified at 40°F., but at tempera¬ 

tures below 95°F. the decrease in cream layer was not noticeable in a 

quart bottle of milk. Pasteurization after clarification at warmer tem¬ 

peratures did not restore the cream layer to that shown in the original 

sample. 

Effect of Clarification on Milk.—Clarification at high temperatures 

destroys the fat clumps and reduces the size of the original fat globules.3 

Dahlberg and Marquardt use this fact to explain the decreased cream- 

layer volume in milk so treated. This decrease is reported to be accom¬ 

panied by an increase in the milk-fat content in the cream layer. The 

smaller fat globules apparently are packed closer together in the cream 

layer after clarification. 

Table 58 shows the effect of clarification and filtration on low-count 
milk. 

Table 58.—The Effect of Clarification and Filtration on Low-count Milk3 
(Average of six trials) 

Original Clarified Filtered 

Factors studied: 

“Official” plate count. 23,500 

29,800 

57,200 

60,400 

Ann 

1 2 onn 19,500 

45.400 

58.400 

60,741 

Incubation at 37.5°C., 48 hr 
49,400 
fiQ non Incubation at 21°C., 120 hr 

Incubation at 21 °C., 120 hr., and 37.5°C., 48 hr. 

Direct microscopic examination: 

Number of fields.. 

73,600 

Bacteria per ml.., 24ft enn 
oOO 

413,400 

246,000 

600 

391,200 
Clumps per ml. . 11^ onn 

Average number of bacteria per clump 
191,700 

3.01 1.68 2.04 

As the data in the table show, neither filtering nor clarifying affected 

the bacteria plate count. According to the direct microscopic count 

however, the number of clumps per cubic centimeter of milk was increased 

while the size ol the clumps was decreased in the clarified milk The 

Plate count failed to show this effect. In a similar study on milk Jith 

an offinal plate count ranging from 100,000 to 5,000,000 per milliliter 

Dahlberg and Marquardt’ found that in (10 per cent of the trial - . fi ’ 

tion did not influence the count. In the other instances, clarification 
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was found to increase it. Jacobsen and Olson4 studied milk with plate 

counts ranging from 65,000 to 113,400. The data are presented in 

Table 59. 

Table 59.—Plate Count as Affected by Clarification and Filtration at 

Different Temperatures4 

Tempera¬ 

ture, °F. 

Original 

count 

Clarified Filtered 

Count 
Per cent 

change 
Count 

Per cent 

change 

60 

90 

110 

113,400 

122,000 

65,000 

266,000 

166,000 

78,000 

+ 134.5 

+ 36.1 

+ 20.0 

106,600 

130,000 

64,300 

-6.37 

+6.56 

-1.08 

Dahlberg and Marquardt found that clarification reduced the cell 

count an average of 67.3 per cent, whereas Jacobsen and Olson obtained 

an average reduction of 45 per cent. Milk may be pumped through the 

clarifier and the heater and into the pasteurizer or, in the short-time high- 

temperature system, through the cooler and into the bottling bowl or 

surge tank. The airtight clarifier permits satisfactory clarification at 

40°F The clarifier then may be located before the heaters in the method 

just described or before or after the coolers if the milk is to be held in a 

storage tank before pasteurizing. f ... 
Pasteurization.—Pasteurization, an important item m a market-milk 

plant, should be carefully carried out under controlled conditions. I e 

various types of equipment and the process itself are described in Chapter 

The Cooling of Milk.—Milk in pasteurizing plants is cooled imme¬ 

diately after it has been heated and held at the pasteurizing temperature 

for the required time. When the arrangement of equipment permits, t 

m Ik mat be passed over the cooler by gravity; or it may be elevated 

from the outlet of the pasteurizer to the top of the cooler y means o a 

pump, which should have the same capacity as the cooler. Cooling . 

various methods is considered in Chapter XV . 

THE BOTTLING DEPARTMENT 

. _ f tvtul- Tho milk from the cooler usually 

( bottling and.«bt^he bottling machine, the connecting 
passes directly into tne no , tes the flow. For large 

pipe being equipped wit * be instaned at the bottom of the 

operations an accumu a accident at the bottling machine should 

fillip of the bottles. The accumulator tank should 



MILK-PLANT OPERATION 229 

be placed above the bottling machine so that the milk will flow by gravity 

into the bowl of the bottle filler, when it can be utilized. 

Nearly all milk sold in cities in the United States for direct consump¬ 

tion is placed in glass or fiber containers^ Retail milk and milk sold 

through stores is usually in quart and pint bottles; milk delivered to 

hotels, restaurants, and schools, in 0.5-pint or 10-ounce bottles. These 

£ bottles are filled rapidly by machines, which are adjustable to the different 

sizes.) 

Fig. 
74.—Gravity-type milk-bottling machine in onorntmn tu „ • , , , 

automatically applies plug caps, and hooded cap, to protect the lipsTbottlcs 

(Dairy-equipment manufacturers make bottling machines of different 
types and capacities. umerent 

There are two types of automatic bottle filler. In one the milk flow • 

by gntvifcy into the bottles as they are pressed against the 
in the other the bottles are filled bv creation- T? valves, 

delivery; it will not be^orcecfpast 

° raU- also. "eb wlU usua"y Prevent this difficulty, 
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Sterilized bottles may either be fed into the bottling machines auto¬ 
matically by a conveyer leading from the washer or be conveyed in cases 
and placed in the machine by hand. In the latter method the employee 
should be trained to handle the bottle necks instead of the lips or interior 
surfaces. 

Automatic bottling machines are installed with capping equipment^ 
Their oneration is synchronized with the filling so that all filled bottles 
p^s beneSe automatic cappers as they are conveyed from the filing 

slidiiigsurface, Mure to remove broken glass and caps that collect on the 
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equipment, and the use of cappers having worn parts are common causes 

of such trouble. 
Inspection of Filled Bottles—After being washed and sterilized, the 

bottles should be examined for dirt or other material adhering to the 
exterior or interior. Such bottles must be recognized and removed. 
Bottles may be inspected either before or after filling, but dirty filled 
bottles arc more easily recognized because of the contrast between the dirt 

Fiq. 76.—Inspection of filled milk bottles as they are being placed in crates Thb 

WouHcTo) cold roL. 

and the milk. Filled bottles being placed in cases by hand should be 
inspected by rotating them as they are taken from the machine In 

arge pasteurizing plants, filled and capped bottles may be inspected 

are bdngpSrrcr™ th<>m int° ““ "tm«t room OT while «>ey 
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As the milk is conveyed to the storage room, the crates are stacked in 
tiers on each side of the conveyer and are held at a temperature (40°F. or 
below) that will prevent bacterial growth. Storage rooms are equipped 
with sufficient refrigeration to reduce the temperature to a few degrees 
below this point at the beginning of the storage period, for the warm 
cases and the opening of doors during operation will increase the tem¬ 
perature before all the milk is placed in storage. 

When the milk is being removed from the storage room to be loaded on 
the delivery trucks, the crates are taken from the stacks and are placed 
on another conveyer that leads, through a small crate-passing door in the 

wall, to the loading platform. Chapter XVI describes the construction 

and refrigeration of milk-storage rooms. 
Icing Delivery Crates.—Delivery crates filled with milk are usually 

iced on the loading platform as they leave the storage room. If the 300- 
pound ice blocks are used, breakers are employed to crush the ice into 
small pieces. When Flake or Pakice is used, this operation is unnecessary 

(Chap. XVI). The crates are not closed on the bottom; and as the 
ice melts during delivery, small pieces will drop through to the bottom of 
the stack. Some distributors place the broken ice in clean white sacks and 

lay one of these on the top of each stack of crates loaded on the truck. 
The cold water from melting ice drips over the bottles in the crates, 
and the sacks on top of the stack exclude the warm air and keep the tem¬ 
perature low. Such sacks should be made of firm material and laundered 

often enough to be sanitary. 

BY-PRODUCTS-PROCESSING DEPARTMENT 

Separating Cream.—In the regular operating of a city plant, extra 

milk should be purchased in preparation for emergency orders. Equip- 

ment, therefore, must be installed for separating cream even when sweet 
cream is purchased in bulk as a separate product, to supply the needs 

for retail and wdiolesale distribution. 
The milk not required for pasteurization is passed from the weig 

tank into a separate holding vat, whence it may be pumped through 
an internal heater directly to the separator. This method is preteab e 

to heating the entire vatful of milk to the separating temvortwe, f 
this procedure would allow the bacteria to reproduce while the milk 

^'^^‘forsTaration is ordinarily heated to between 00 and 100‘R 

On leaving the separator the cream should be 

at least 40°F. with as little immediately after 

held in the pasteurizer for a short time without cooling. 
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If the cream is left warm for an hour or more before being heated to the 

pasteurizing temperature, there may be some deterioration from bactei ial 

growth. 
The cream or skim-milk screw of the separator may be adjusted to 

separate cream of different fat percentages; but it is usually adjusted to 

deliver 36 to 40 per cent cream, which may be used for whipping or may 

be made into table cream by being standardized with whole milk or skim 

milk to bring the test to the desired percentage. 

Surplus cream for churning should have a fat percentage of between 

30 and 35. If the milk-intake valve is adjusted to increase somewhat the 

flow to the separator, the fat percentages in the surplus cream will be 

reduced to a point where the cream may be used for churning. It is 

usually not practicable to change the position of the cream screw during 

operation. 

Separating equipment should be of sufficient capacity to complete the 

process as soon as possible, deterioration of the cream and of the milk 

from which it is separated being thus prevented. 

If the skim milk is to be utilized in cultured buttermilk or cottage 

cheese, it should be pasteurized immediately after separation. If it is 

to be stored for later use, it should be cooled to 40°F. or lower and held 

there until needed for further processing. Skim milk may be heated in 

vats or plate heaters to the pasteurizing temperature, held for the required 
time, and then cooled. 

Separating Cream at Pasteurizing Temperature.—If the forewarmer 

is not available for heating the milk that is to be separated, the milk may 

be heated in the vat to 143°F., held there for 30 minutes, and then sepa¬ 

rated. This method allows the cream to be pasteurized in the milk 
before separation. 

In small milk plants where not enough cream is separated to fill 

a cream pasteurizer, there is an economy in separating cream from a 

poi tion of the hot milk as it leaves the pasteurizer. The procedure elimi¬ 

nates the necessity of providing an extra heater and pasteurizer for the 

Separating at the Country Receiving Stations.—Some large operators 

■, d m Tnt > rTVing Stati0nS Sepal'ate Cream in tlle country 
and ship .t to the city plant. This plan reduces transportation costs 

“on mSllv uti™ r’f ^ thC T' areaS’ ^ * -/often be more 

-dt in a better ST ^ ^ 

only rtra0ce*mtTthe0rskim milk^M °peratefcream separator leaves 
m tne skim milk. Many machines now in use produce 
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skim milk containing not more than 0.01 per cent fat as determined by 

the Babcock test. A fat content of more than 0.03 per cent is an indica¬ 

tion of an abnormal condition, either that the milk is not being separated 

at a high enough temperature or that the machine is mechanically imper¬ 

fect or incorrectly operated. 

When being removed from the bowl for cleaning, the disks are placed 

on a metal frame that holds them together in the order in which they 

should be used. The frame is placed over a washtray, and the disks are 

separated sufficiently to permit one to remove the milk solids by rinsing 

and brushing the surfaces of each disk. The bowl is washed separately 

after the slime has been removed with a spatula or a large knife blade. 

Since the separator bowls of large machines are too heavy to be easily 

removed by hand for washing, such separators are usually ecpiipped with 

a hoist for lifting the bowls from the machine. 

Separator disks may be sterilized, after washing, by immersing them 

in a vat of hot mineral oil at a temperature near 220°F. for 20 minutes. 

After sterilization, the disks are suspended above the oil tank for drain¬ 

ing. By this method not only are bacteria killed, but the moisture is 

removed from the disks and a thin coating of oil is left on the metal to 

prevent corrosion when the disks are made of tinned steel 

Special care should be used in placing the disks m the bowl after 

sterilizing and drying. They must always be arranged in the propei 

order according to the numbers stamped on the metal to maintain 

proper balance of the bowl. While being placed in the machine, the bowl 

should be carefully lowered over the spindle without dropping, 

“tight Cream Separators.-Recent improvements have been made 

in the design of factory-size cream “fcduring separation. 

tT “ilk LledTo tL^lTrom the bottom of the machine through a 

hollow spindle. The milk line leading to ttre pU“^ 

££ rCX, whS exerts 

skimmilk L, U b. «d !« e" 

COST OF PROCESSING MILK 

The cost of processing milk will the use 

because of such factors as (1) vo unn « 1 - ’ f container and closure, 

of labor and materials, (3) wage lev -(« ^ milk.contl.ol board5 shows 

The classification of processing 1 • i g 

the many kinds of cost involved in milk proc . 
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Processing 

Wages and Salaries 

Receiving, weighing, and sampling labor 

Producer fieldmen 

Veterinary and dairy inspectors 

Plant managers and assistants 

Plant-office employees 

Laboratory technicians 

Boiler-room or power-plant labor 

Plant processing and other plant labor 

Electricians, painters, mechanics 

Plant Supplies and Maintenance 

Supplies for receiving, weighing, and 

sampling 

Building and equipment, repairs and 

maintenance 

Veterinary supplies 

Automobiles for fieldmen and supervisors 

Repair and maintenance of producers’ 

cans 

Plant-office supplies 

Laboratory supplies 

First aid and medical expense 

Repairs and maintenance of yard and 

grounds 

Refrigeration supplies and repairs 

Laundry, service suits, etc. 

Washing and cleaning supplies 

Bottles, cases, and can expense 

Other packing expense, caps, wires, etc. 

Water, power, heat, and light (process¬ 

ing operations only) 

Royalties on machines and processes 

Plant butterfat losses 

Licenses, depreciation, taxes, insur¬ 

ance, and rent 

Plant employees’ compensation insur¬ 

ance 

Social security taxes on plant employees 

3 he total expenses of the milk distributor include the processing costs, 

product cost, general and administrative expenses, selling and delivery 

expenses, and advertising expenses. Selling and delivery cost and adver¬ 

tising costs are discussed in Chap. XX. The following classification5 

snows what costs are included under general and administrative expenses 

General and 

Wages and Salaries 

Executives, directors, and managers 
Office employees 

Janitor, for office only 

Stationery, Supplies, etc. 

Stationery, envelopes, etc. 

Postage, telephone, and telegraph 

Furniture and fixtures 

Office equipment 

Other supplies 

Insurance, Fees, etc. 

Employees’ compensation insurance 
Social security taxes 

State, capital stock, and franchise taxes 

Administrative 

Group insurance (all employees) 
Legal expense 

Auditing expense 

Milk Control Act assessments 

Gifts and donations 

Dues and subscriptions 

Depreciation, insurance, taxes, and 

rent (applicable to property used 

for administrative purpose) 
Water, heat, and light 

in Smif ldTfblo 62°? v T'T® ™'k in a11 Plants in a large city 

‘7* rtS and <*out twice the administrative c£t? 
sales the processing costs are about one-half of the selling, deliver" 
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advertising and about four times the administrative costs. Again it 

should be emphasized that the present example illustrates the relative 

amounts of the different costs and that these vary considerably among 

different plants. The plant used in the illustration was one in a market 

of 12 distributors; the costs of the different distributors were listed in the 

order of increasing total cost of distribution; and the plant used in the 

example provided the final plant capacity necessary to furnish the market 

Table 60.—Processing Costs of a Representative Distributor in a Market 
of 12 Distributors6 

Retail Wholesale 

Cents 

per 

quart 

Percent¬ 

age of 

selling 

price * 

Percent¬ 

age of 

total 

cost 

Cents 

per 

quart 

Percent¬ 

age of 

selling 

price * 

Percent¬ 

age of 

total 

cost 

0.3S88 3.24 6.48 0.3388 4.OS 10.94 

0.0236 0.20 0.39 0.0236 0.25 0.67 

0.0410 0.34 0.69 0.0410 0.43 1.15 

0.0641 0.53 1.07 0.0641 0.68 1.80 

0.0349 0.29 0.58 0.0349 0.37 0.98 

0.1519 1.27 2.53 0.1519 1.60 4.28 

0.0325 0.27 0.54 0.0325 0.34 0.92 

0.0455 0.38 0.76 0.0455 0.48 1.28 

0.0220 0.18 0.37 0.0220 0.23 0.62 

. 0.2481 2.07 4.14 0.2481 2.61 6.98 

. 1.0524 8.77 17.55 1.0524 11.08 29.62 

Item 

Wages and salaries. 

Rent. 

Depreciation (buildings 

and equipment). 

Repairs (buildings and 

equipment). 

Taxes, insurance licenses. 

Case and bottle expense. 

Heat, light, power, and 

water. 

Supplies and laundry.... 

Shrinkage. 

All other processing costs. 

Total 

* Wholesale selling price was 9.5 cents per quart; retail price, 12.00 cents. 

with an adequate milk supply. Three dealers had lower total costs and 

eight had higher costs than those shown in Table 60. Ihose with t 

higher costs distributed at a loss when the retail price was 12.0 cents pe 

quart and the wholesale price was 9.5 cents. 
The processing costs of the 12 plants ranged from 0.9977 to 1.6441 

n =uti^5toCp^ thee Irket 

These costs amounted to 0.4188 cent per quart for.retail milk, 0.271b 

C6n AUco'sts'oTthe dealer (Table 00), including raw milk, are summarised 

in Table G2. 
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Table 61.—Administrative Costs of a Representative Milk Distributor” in 
a Market of 12 Distributors 

Item 

Retail Wholesale 

Cents 

per 

quart 

Percent¬ 

age of 

selling 

price 

Percent¬ 

age of 

total 

cost 

Cents 

'per 

quart 

Percent¬ 

age of 

selling 

price 

Percent¬ 

age of 

total 

cost 

Office salaries and wages. . 0.0944 0.79 1.57 0.0355 0.37 1.00 

Telephone and telegraph. . 0.0171 0.14 0.28 0.0127 0.13 0.36 
Supplies and repairs. 0.0246 0.20 0.41 0.0183 0.19 0.51 
Fees, dues, gifts, donations. 0.0047 0.04 0.08 0.0035 0.04 0.10 
Auditing and legal. 0.0333 0.28 0.56 0.0300 0.32 0.84 
Taxes, licenses, and insur- 

ance. 0.0717 0.60 1.20 0.0572 0.60 1.61 
Administrative salaries.... 0.0866 0.72 1.44 0.0631 0.67 0.78 
Miscellaneous. 0.0864 0.72 1 44 0.0513 0.54 1.44 
Total. 0.4188 3.49 6.98 0.2716 2.86 7.64 

Table 62.—Summary of Cost Items per Quart of Milk Sold Retail and 
Y\ HOLESALE OF A REPRESENTATIVE DISTRIBUTOR IN A MARKET OF 12 

Distributors® 

Retail Wholesale 

Item Cents 

per 

quart 

Percent¬ 

age of 

selling 

price 

Percent¬ 

age of 

total 

cost 

Cents 

per 

quart 

Percent¬ 

age of 

selling 

price 

Percent¬ 

age of 

total 

cost 

Gross selling price 12.0000 100.00 

0.10 
9.5000 

Less discounts. 0.0126 
100.00 

0.4499 4.75 
JNet selling price 

Administrative costs 

11.9874 

0.4188 

1.0524 

4.5265 

99.90 

3.49 

8.77 

37.72 

0.98 

17.55 

0.0501 ~95726~ 

Processing costs.. 0.2710 2.86 7.64 

Selling, delivery, and ad¬ 

vertising costs (see page 

435 for details). 

1.0524 11.08 29.62 

I otal of all expenses. . 

Cost of product 

75.47 2.2289 23.46 62.74 
5.9977 

5.7700 
49.98 

48.08 
100.00 3.5529 37.40 100.00 

Interest on investment 5.7700 

0.1771 
60.74 

1 .86 
0.2323 1.94 

12.0000 100.00 9.5000~ 100.00 
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As the table shows, for retail milk the dairyman received 48.08 cents 

out of each dollar of sales, whereas from milk sold wholesale he received 
00.74 cents. 

4 able 63. Expenses Included in Weighted-average City-plant Costs for 

Milk and Cream, Boston Market7 

Item 

Quart of milk Half pint of cream 

Cost, 

cents 

Percentage 

of city- 

plant cost 

Cost, 

cents 

Percentage 

of city- 

plant cost 

Labor. 0.29 34.12 0.14 23.33 

Heat, light, and power. 0.11 12.94 0.05 8.33 

Water and ice. 0.02 2.34 0.02 3.33 

Depreciation and rent. 0.10 11.77 0.06 10.00 

Taxes and insurance. 0.02 2.35 0.01 1.67 

Repairs and maintenance. 0.05 5.88 0.03 5.00 

Supplies and laundry. 0.05 5.88 0.02 3.33 

Miscellaneous expenses. 0.02 2.35 0.01 1.67 

Shrinkage. 0.08 9.41 0.19 31.67 

Administration. 0.11 12.95 0.07 11.67 

Total. 0.85 100.00 0.60 100.00 

Table 64.—Administrative and Processing Cost of 6 Plants in Los Angeles 

for Year Ending Dec. 31. 19394 

Costs 

General and administrative costs: 

Number of employees. 

Average daily gallons handled per 

employee. 

Average daily labor, cost, cents per 

quart. 
Average daily costs, cents per quart... 

Processing costs: 

Number of employees. 

Average daily gallons handled per 

employee. 
Average daily labor cost, cents per 

quart. 
Average daily cost, cents per quart 

Type of business 

Retail and wholesale Wholesale 

Plant 

1 

Plant 

2 

Plant 

3 

Plant 

4 

Plant 

5 

Plant 

6 

76 28 31 18 10 7 

509 596 331 1085 367 2005 

0.2395 

0.3904 

0.3183 

0.6685 

0.2723 

0.4597 

0.1061 

0.1360 

0.2179 

0.4711 

0.0339 

0.0691 

120 46 38 65 16 38 

357 396 276 447 307 382 

0.3922 

1.0959 

0.3459 

1.1560 
!_ 

0.4709 

1.3695 

0.4232 

1.1928 

0.5642 

1.2854 

0.3456 

2.0975 
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In another study of the costs of processing milk in the Boston market 

the city-plant costs were found to average 0.85 cent per quart of milk and 

0.60 cent per half pint of cream.7 Table 63 shows the distribution of 

the cost items. 
Table 64 shows the variations to be expected in administrative and 

processing costs of plants in the same city. The data summarize the costs 

for three plants that operate a retail and wholesale business and lor three 

plants that are exclusively wholesale. As the table reveals, wholesale 

plants tend to have lower administrative costs than do mixed retail and 

wholesale operations, but the processing costs for the two types of business 

tend to be equal. These data give approximately the same values as 

Tinley’s report (Table 62) of a survey made in a different city. 
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CHAPTER XIII 

WASHING AND STERILIZING DAIRY EQUIPMENT 

Since utensils and equipment are the principal sources of bacteria m 

milk, proper washing and sterilization are highly important. Any milk 

solids not removed completely from dairy equipment serve as culture 

media and, in the presence of moisture, permit bacteria to reproduce. 

If they are not entirely removed each day, they may accumulate on the 

surface and form a hard coating known as “milkstone.” They may also 

cause corrosion of certain metals by the action of moisture and lactic acid. 

Principles of Washing Dairy Equipment.—The purpose of washing 

dairy equipment is to remove all milk solids and other material in order 

to leave a clean surface, satisfactory for sterilization. If this is not done, 

sterilization dries the material so that the equipment is eventually 

rendered unsatisfactory for dairy purposes. 
The first step in cleaning nnlk containers is to rinse the 

or lukewarm water as soon as they have been emptied. This can . 

be done with a hose, which mechanically removes the visible milk con- 

stituents and if the water is warm, also melts the tat and accomp 1 

the rinsing more easilv. Any milk allowed to dry is removed with gieate 

liZdtv and requiies considerable brushing, which injures the surface 

of^plated metals. It should ^Z^Z 
not remove the protein and fat > 

material that may remain.. Properties arid Characteristics—One 
Washing Preparations . Th P j. preparations when 

should consider the chemica pr°? , ose The various washing 
choosing a preparation for a pari. P ^ various materials. 

and cleaning operations^ a different washing preparation 

from that needed by milk bo^esmpU^are uTuSy combinations 

The washing materials used 1 carbonates, silicates, or phos- 

-rtSrSS Reduce a preparation with the properties 

required for a definite purpose. ^ 
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Depending on the purpose, a good washing material should have the 

following properties: l Wetting power, or the ability to make a contact with the suit at 

to be cleaned. ... . , , 
2. Emulsifying power, or the ability to form an emulsion with tat and 

remove it from the surface. 
3. Dissolving power, or the ability to dissolve proteins. 

4. Defloceulating power, or the ability to break up dirt particles. 

5. Germicidal power, or effectiveness in killing microorganisms. 

Levine1 has summarized the relative effectiveness of the four principal 

constituents of washing preparations in the order ot their efficiency in 

respect to the various qualities necessary for cleansing bottles. 

Table 65.—Summarized Relative Effectiveness of Various Alkalies Used in 

Bottle Washing 

Wetting 

power 

Emulsifying 

power 

Dissolving 

power 

Defloceulating 

power 

Germicidal 

power 

Silicate. Phosphate Caustic Silicate Caustic 

Caustic. Silicate Silicate Phosphate Silicate 

Phosphate. Carbonate Carbonate Caustic Carbonate 

Carbonate. Caustic Phosphate Carbonate Phosphate 

One may use the foregoing table in deciding on the composition most 

desirable for this purpose. For hand washing of dairy utensils and 

equipment, for example, the solution should not be too severe on the 

hands, should make contact with the surface to be cleaned, and should 

have emulsifying, dissolving, and defloceulating power. As the table 

indicates, a silicate, a phosphate, or a combination will have the required 

characteristics and will not be too severe on the hands. In a mechanical 

bottle washer, the germicidal property and the lubricating effect required 

for the successful operation of the machine require that caustic be the 
basis of the washing material. 

WASHING CERTAIN MILK-PLANT EQUIPMENT 

The general principles described previously for washing dairy equip¬ 

ment apply m all cases, but their application varies somewhat with the 

size of equipment, the surfaces to be cleaned, and the materials of which 

the equipment is constructed. Although methods may vary, the pro¬ 

cedures described below have been used satisfactorily 

Weigh Tank and Small Holding Vats—After rinsing the equipment 

with warm water from a hose, one should brush the entire surface of the 

vat with a washing solution of proper strength. When all parts of the 
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inner surface of the equipment can be reached with a fiber hand brush, 

the solution may be mixed in the tank after the outlet valve is closed. 

The brush, dipped into the solution, will carry it to the surfaces to which 

it is to be applied. The outlet valve is then opened to drain out the 

solution. The washed surfaces should then be brushed with clean warm 

water and rinsed with .warm water from the hose. The outside of all 

equipment should be brushed each day with washing solution followed 

by warm water to remove milk and dust and leave a clean-appearir.g 

surface. An economy in the quantity of solution needed may be accom¬ 

plished by mixing it in a pail placed in the bottom of the vat. the brush 

is dipped into the pail as the solution is required for cleaning. 

Large Metal Storage Vats.—To wash large metal storage vats, the 

operator must enter the vat. Rubbers not used for walking on the floors 

or for any other purpose should be put on over the shoes and should be 

used only for this purpose. Special rubber shoes may be preferred and, 

if used, should be put on at the time the operator enters the tank. Rub¬ 

bers or rubber shoes are easy to clean and do not injure the surface of 

the metal. 
Large vats are washed in the same manner as the weigh tank and 

small vats, the entire surface being brushed with washing solution to 

remove all milk solids. Long-handled brushes will clean any upper 

surfaces that cannot easily be reached with a hand brush. Then the 

surfaces should be brushed while warm water is applied in a small stream 

from a hose. The operator should then leave the tank and rinse the 

surfaces from the outside. 
Glass-enameled Milk Vats.—Glass-enameled milk vats are cleaned 

like other equipment except that alkali preparations should not be used. 

Alkali attacks the glass coating, etches the enamel, and injures it. Cai- 

bonates or abrasives are effective when applied with thorough brushing. 

If milk solids are not entirely removed each day, this type of equipme 

will become coated with milkstone, which is difficult to remove from 

glass-enameled surfaces without injuring the enamel. The g ass-ename 

coating may become thin or entirely removed from the underlying metal 

if proper cleaning methods are not followed. ... 
Pasteurizers with Mechanical Agitators.-Pasteumers m which milk 

srAtariSJ - - - 
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surface. The milk may also dry on the agitators, which should be 
brushed and rinsed before the washing solution is applied. 1 he applica¬ 
tion of the washing solution and the final rinsing ol the pasteurizeis 

should be followed, as with other milk containers. 
Horizontal-coil Pasteurizers.—The inner surfaces of horizontal-coil 

pasteurizers should be rinsed and brushed free of milk solids, as has been 
described with respect to pasteurizers equipped with mechanical agitators. 
This cleaning is accomplished by closing the outlet valve and running into 
the vat sufficient warm water to cover the bottom of the coil. The walls 
of the vat are brushed to remove the visible milk solids, the coil is revolved 
in the water, and a brush is applied to the surface of the coil shaft while 
it is in motion. A long-handled pasteurizer-coil cleaning brush is best 
used for this purpose, to prevent injury to the operator. When milk 
solids are “burnt on” the coil, some operators remove them with fiber- 
copper woven cloth, applied by hand to the moving coil. The water is 
then drained out and the vat rinsed clean. Stainless-steel equipment is 
often cleaned by rubbing the moistened surface with stainless-steel wool. 
It is not advisable to use this material for cleaning tin-plated equipment 
because of the hardness of the metal and its abrasive action. If metal 
wool has been long in use, some of the metal pieces may break off and 
become lodged in the corners of the equipment and later appear in the 
product if the equipment is not carefully rinsed. 

W ashing solution is then prepared in the vat in sufficient quantity to 
co\ ei the bottom of the coil. 1 his is applied to the inner surfaces of 
the vat with a brush; and the coil, revolved in the solution, is again 
brushed and cleaned as just described. The washing solution is then 
drained out. The coil and inner surfaces of the vat should then be rinsed 
with warm watei from the hose while the coils are revolved 

Plate-type Milk Heaters and Coolers.—The plate-type milk heaters 
and coolers have been developed in recent years for heating cold milk 
to the pasteurizing temperature and for cooling milk after it has been 

maintained in holding tanks at that temperature for the required time. 

This equipment permits of the regenerative principle of heating and 

<=,i !tCnbeu ( ha|>.- XIV- After the <lay’s operation, warm water 
passed through the equipment to rinse out the remaining milk Warm 

washing solution is then circulated between the plates for 15 to 20minutes 
It the solution is recirculated from the discharge end of the equipment' 

only a small volume is needed. This treatment is generally followed 
by 'circulating an acid solution to soften and nartlv In .11 I u 
milk solids that adhere to the plates Tart ,rie . ,i , dfolve the 
tion Of 1 pound to ,00 

satisfactory. The solutions are pumped thr,,I K“"ons- * 

15 to 20 minutes at a temperature between 90 and 100°P. ^hTpreLure 
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on the plates is then released, and they are separated one at a time and 
brushed with washing solution. Special care should be used to clean 
thoroughly the rubber gaskets that are cemented to the metal or pressed 
into grooves near the edges of each plate. When all the plates have thus 
been separated and cleaned, they should be brushed, while warm water 

FTr 77_Washing the plate-type heat exchanger. Brushing the plates (A) alter tne 

»<»> “ " ZT (iT“c.ao38-over £2 

(i?) Plate without “cross-over” hole. (~ of 

herry-Burrell Corporation.) 

is applied from the hose to remove the washing solution. They may then 
be left to dry and later may be put in place and sterilize • 

Surface Milk Coolers.—After each operation the milk-holding tank 
or the pasteurizing vat supplying milk coolers is rinsed with ™n -ater, 
Which is pumped and allowed to flow over the milk cooler for n ■> & 
The milk solids are rinsed from the cooler more completely if a flat Abe 
hand blush is applied to the surface of each tube on bo h sides o he 

warm washing solution in th PP ■ ^ should be app|ied t0 each tube 

described for' rinsing, in order that the remaining milk 
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solids and fat films may be removed. To complete the cleaning, ■ 
water should then be passed over the cooler from the milk-supply tank. 

Small surface coolers may be rinsed with warm water from the ose 
during brushing. The washing solution may be prepared m a pail, and 

the brush dipped into it as needed. Hot water from a hose may t en 
be put into the distributing trough at the top of the cooler and allowec 
to flow over the surface. If the cooler is brushed while the water is 
being applied, the washing solution will be removed more completely. 
Then follows the final rinse, during which the brush should not be used. 

Surface coolers may be sterilized by allowing hot water (at 190 F.) to 

flow over the surface for 10 or 15 minutes. The water rinses off many of 
the bacteria, and most of those which remain in their vegetative form 
will be destroyed by the hot water. 1 he heated metal will diy, and the 
few bacteria or their spores remaining on the cooler after this treatment 

will not multiply. 
When a milk cooler is enclosed with metal covers, steam from a hose 

may be passed into the cooler compartment for 10 or 15 minutes, and 
the tubes heated to a sterilizing temperature. After sterilization the 

covers should be opened sufficiently to permit the steam to escape and 

the tubes to dry. 
One difficulty in properly sterilizing milk coolers when brine is used 

as the cooling medium is the presence of the cold brine in the tubes. 
Some coolers are installed so that the brine can be drained back into the 
brine tank after the cooling. Where this cannot be done, small coolers 
may be equipped with a faucet in the brine-inlet pipe, and an air-vent 
cock placed in the brine-outlet pipe. By opening the air cock the brine 
can be drained from the cooler through the faucet into a container that 
may be emptied into the brine tank. If this can be done, less heat is 
required in sterilizing the cooler. If brine cannot be removed, steriliza¬ 
tion of the cooler with hot water is more satisfactory than the application 

of steam, because of the greater density and heat-carrying capacity of 
the water. I he water should be passed over the cooler long enough to 
heat the metal and brine to the sterilizing temperature. When water is 
allowed to flow over the cooler for sterilization, there is an economy in 
using water and steam if the outlet pipe from the lower cooler trough is 
recirculated over the cooler by a pump. To do this effectively a steam 
connection should be made in the pipe line through which the water 
circulates. A small flow of steam will keep the water at the desired 
temperature for sterilization. 

Internal Tubular Milk Coolers.—Internal tubular coolers are rinsed 
by passing warm water through the tubes. The end caps are then 

removed; and a long-handled brush of proper size, dipped into a pail of 
washing solution, is passed through each tube. The brush is drawn back 
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and forth to aid in the cleaning process. After the milk solids are 
loosened in this way, the tubes should be hosed and again brushed with 
clean water. Each tube should be inspected to ensure that all milk solids 
have been removed. The end caps should be rinsed and brushed, and 
the washing solution applied with a hand brush and finally rinsed as 
with other equipment. 

The large tubes of continuous-flow heaters are frequentty cleaned 
with a portable rotary pipe brush propelled by a motor. The brush is 
passed through the length of the tube and back, while water is introduced 

Fig. 78.—Trough equipped with revolving brush for washing milk pipes and fittings. 

(A) Galvanized iron vat. (B) Hollow shaft of revolving brush operated by motor (C). 
(£)) Hose supplying water to hollow shaft which conveys water to the brush. (E) Sani¬ 
tary pipe in place over brush. (F) Metal shield to prevent water from striking the opera¬ 

tor (G) Metal rack for holding sanitary pipes after they have been brushed. 

simultaneously from the end of the tube to prevent burning the brush 

by friction. 
Pipes.—Milk pipe lines are rinsed free of milk by passing warm water 

through them. They are then taken apart and brushed, as described 

with respect to internal tubular milk coolers. A special trough (Fig. 78) 
may be used for washing sanitary piping and fittings. The pipes may be 
placed in the washing solution and brushed separately while one end is 

left in the solution. The brush is passed completely through the tube 
into the solution, which rinses it of the milk solids before it is drawn back. 
After being brushed, the tubes may be placed on a rack and rinsed wit i 

hot water from a hose; or they may be reassembled, and hot water pumped 

through the pipe line for rinsing. 
Sterilization is accomplished by passing a small flow of steam throug 

the pipe line for 10 or 15 minutes or by using a chlorine solution. Ch orine 
prevents the reproduction of bacteria in the moist tubes, whereas steam 

leaves the tubes moist so that the spores of bacteria may vegetate am 

reproduce. The usual practice when chlorine is not used is l 
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itli 
are 

steam through the pipe lines again the next day, an hour or ~btf oretito 

milk goes through, in order to destroy any bacteria present his « 
be done early enough to permit the pipes to cool before the milk enters 

Milk-bottle-filling Equipment.—After the bottling machine is drainec 

of milk, the valves should be removed, rinsed, and washed separately 
The air tubes extended through the filling valves should also be cleaned 
by passing a brush through them. The bowl is rinsed and brushed thor¬ 
oughly with washing solution and again rinsed, as already described witl 
respect to other equipment. After the valves and rubber parts 
similarly cleaned in the washtrays, they may be sterilized in hot water at 
180°F.; or they may be placed in the bowl of the bottling machine, the 
cover put on, and steam applied from a hose for 15 minutes. A clean 
heavy cloth should be placed over the opening in the cover to exclude 
outside air and maintain a high temperature while the steam is being 
applied. After the bottling machine is thoroughly hot, a very small flow 

of steam will maintain a sterilizing temperature of 210°F. 
The rubber parts of the bottling machine, after proper cleaning, may 

be sterilized in a chlorine solution (100 parts per million) until the next 

period or use. 
Assembling Bottling-machine Equipment.—The assembling of milk- 

bottle rubbers and valves, as usually carried out in market-milk plants, 
is one item in the protection of milk from human contact seldom con¬ 
sidered. With most bottling machines, one hand must touch the surface 
of the rubbers, and the other hand fastens the metal clip that holds the 
valves in position in the filling bowl. Thus, both hands touch surfaces 
after sterilization that later come in contact with the milk when the bot¬ 
tles are filled. Although this undesirable procedure has been overlooked 
by many plant superintendents, the danger of contamination may be 
avoided. The operator’s hands should be rinsed in a chlorine solution 
immediately before touching the sterilized rubbers and valves. 

Milk Pumps.—Only modern sanitary milk pumps should be used. 
These are easily taken apart for cleaning by releasing the thumbscrews. 
The-removable parts should be rinsed, brushed in the washing solution, 
and again rinsed in the washtrays according to the standard procedur 
already described. The shell of the pump, which is stationary, should 
be rinsed and brushed with a washing solution prepared in a pail. After 
the rinsing, the pump parts should be reassembled at the same time as 
the pipe line. The pump and pipe lines may then be sterilized by pump¬ 
ing hot water (190°F.) through them. Hot water or chlorine solution is 
preferable for sterilizing the milk pump, for steam will not easily pass 
through certain types. 

Homogemzers. The homogenize]-, like other dairy equipment, should 
be properly cleaned and sterilized after each use. Because of the labor 

e 
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involved in taking it apart, uninformed operators might fail to clean the 
entire machine properly, thus injuring the keeping quality of the milk/ 

After all the milk has been passed through the equipment, the pipe 
leading from the supply vat to the machine should be disconnected. A 
hose may be inserted into the inverted end of the pipe that leads to the 
homogenizer, and cold water pumped through the machine, with some 
pressure applied, until clear water is discharged. All parts should be 
removed from the head, and the plugs then returned to the lower ports. 
Sterilization is accomplished by passing hot water (180°F.) through the 

machine for 5 minutes, with pressure applied. 
The removable parts are washed in a washtray or pail and brushed 

with warm washing solution. They are then rinsed in hot water. The 
machine head and parts may be dried with compressed air or simply left 

to dry. A short time before use, the machine is assembled and hot water 
(180°F.) is again pumped through the equipment for 10 minutes. Ihis is 
accomplished economically by connecting a 5-gallon container with the 

inlet pipe of the homogenizer and having the outlet pipe discharge the 
water back into the container on the inlet side as the homogenizei is 
operated at low pressure. Steam from a hose that is inserted into the con¬ 
tainer may be used to maintain the temperature of the watei used foi 

sterilizing. 
Chlorine solution (100 parts per million) may be pumped through after 

the homogenizer is assembled and before hot water is applied. The use 
of chlorine is usually not necessary if the cleaning is thoroughly done and 

if the temperature of the circulated water is high enough. 

>/ WASHING AND STERILIZING MILK BOTTLES 

The quality of milk sold by the distributor is influenced materially by 
the condition of the milk bottles when they are filled. Further, the cus¬ 
tomer’s opinion of the distributor is influenced by the appearance of the 

bottle Every operator should aim to secure bottles that are near y 
sterile before they are filled, free from visible dirt, and free from blemishes. 

I The operator must know the hardness of the water to be used in was .fa¬ 

in* milk bottles, since this will influence the kind and quantity o 
washing materia,’to be used. Another factor that influences the ear* of 

rthedassof customer, a^age private house have 

usualb’been washed. They are gene^ — ^t^— 

.salesman and are in service hote,Sj restaurants, and 

Sir«cf—«y ZZt£2 
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require special cleaning. Such bottles should be prerinsed with warm 
water and, if necessary, brushed before being placed in the machine 
Those containing materials that cannot be economically removed should 
be discarded. Unrinsed bottles that have held chocolate milk, cream, or 
cultured buttermilk should be washed as soon as possible in order to 

lessen difficulties. 
( One should try to keep foreign material out of the soaking tanks ot 

bottle-washing machines in order to lengthen the effective use of the solu¬ 

tions.) The operator may set aside dirty bottles during the regular run 
and rinse and clean them separately during the day s work 01 during 

any temporary shutdown of the machine. 
Bottle-washing Machines.—Market milk for retail distribution is sold 

principally in glass bottles. £ Because of the number of these required 
by milk distributors the demand has developed for automatic machines 
that clean and sterilize in one continuous operation.) The larger machines 

also cool the bottles afterward. These automatic devices save an 
immense amount of labor and make the cleaning process more uniform. 

v^Small Power Brush Washer.—The simplest equipment for washing a 
few hundred bottles each day consists of two rotary brushes, operated 
by an electric motor or steam turbine, for cleaning the inside while a 
third brush, at the same time, brushes the outside. The brushes are 
installed above a vat containing the washing solution. A second vat 
should be provided. 

The bottles to be washed are placed in the tank containing the washing 
solution; and two bottles at a time, one-third filled with solution, are 
placed on the rotating brushes and are moved with the hands in the direc¬ 
tion opposite to that of the brushes so that all parts of the bottles will 
be reached. The necks and lips are brushed as the bottles are with¬ 
drawn. The exterior of the bottoms is brushed after the inner surface 
has been washed. The bottles are then placed in the second tank contain¬ 
ing warm rinse water, drained, and placed in the cases for sterilization. 
The latter is accomplished by stacking the cases in a closed metal or 
wooden steam chamber and treating with steam for about 20 minutes. 
The operator should wear cotton gloves to avoid cutting his hands if a 
bottle should break. 

v'Tn-the-case Bottle Washers and Sterilizers.—Of the several types of 
equipment available for small operation, two will be described: 

1. A three-compartment washer that accomplishes the washing rinsing 
and steaming. The bottles, inverted in cases, are brought to the washer 
on a conveyer I Ire first compartment whTmns hot washing solution 
winch is forced into the bottles through jets, under high pressure by 

means o a pump. This treatment continues for about 40 seconds. E’ach 
case ,s then moved by hand to the second compartment, where the bottles 
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receive a hot-water rinse. The third compartment is equipped with 
steam jets, located beneath each bottle. The steam as well as the wash¬ 
ing and rinsing solutions is automatically turned on as the cases are 
pushed into each compartment. The temperature and the strength of 
solution in the compartment must be kept uniform. As an aid to the 
operator in this work, printed metal labels may be installed on the 
equipment, giving the directions for preparing washing solution of 
the proper strength. 

RINSING 
COMPARTMENT, 

water diu) st Pi in 
inlet valves I mark Jurina 
®pjMti#n Temp, 140-iso F. 

WASHING 
COMPARTMENT. 

Fill with water to line only. 
*do r.lOs.Calqonite per day 
Miitatesp mo F a! all times 

Fig. 79.—Small bottle-washing machine with empty bottles inverted in cases over spray 
nozzles. 

The rinsing vat should be continuously supplied with a small stream 
of fresh water and equipped with an overflow pipe to maintain the water 
level. In all bottle-washing equipment, the water and steam jets must 
remain open. If hard water is used, calcium and magnesium salts will 

collect on the jets and reduce the size of the openings. A metal awl or 

similar instrument will remove these deposits. 
v 2 The straightaway pressure bottle washer may be used for larger 

operation. The bottles, inverted in the cases, are placed by hand in 

one end of an enclosed metal tunnel, under which are located tanks o 

washing solutions and rinse waters. From these tanks the liquids aie 
forced into the bottles by high-pressure motor-operated centrifugal pumps. 

The last rinse water should be kept above 190°F. for sterrhzinf;" 
is not used. After leaving the washer and sterilize., the bottles 
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stacked in a storage room to cool before being filled. One advantage 
this type of washer is the low consumption of washing powders and water. 

Large Soaker-type Bottle Washer.—The large soaker-type bottle 

washers and sterilizers are being used by most of the large market-milk 

distributors in this country. The special advantage is the marked 
saving of floor space and labor, for the clean bottles need not be stacked 

Fig. 80.—Automatic bottle-washing machine showing clean bottles being deposited on 
the conveyer as they leave the machine. Note the metal shield over the bottles on the 
conveyer to protect them from contamination as they are being conveyed to the bottle 
fillers. Also note the bottle cases leaving the case washer enroute to the bottle fillers, where 
filled bottles of milk will be placed in them. (Courtesy of Borden's Dairy Delivery Company.) 

in crates before being filled. The returned bottles from the delivery 
routes are conducted in the crates on a conveyer to the loading end of 
the machine, where they are placed in the washer. The empty crates 
may be conveyed through a crate washer and on to the bottling machine 
where they receive the bottled milk from the fillers. After being washed! 
the bottles are automatically unloaded on a conveyer that conducts them 
directly to the fillers. 

oanI?lffe!ent m°dels °f thls type of washer vary in capacity from 30 to 
200 bottles per minute; the proper size depends on the capacity of the 
filling equipment. 

Two types of soaker bottle washer are in use: (1) the brush-type 
bottle washer, m which fiber brushes are used for cleaning the inner and 
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outer surfaces of the bottles, and (2) the “air-brush” soaker-type bottle 

washer, in which water and air under pressure are forced into the bottle 

for cleaning. 

\/The Brush-type Bottle Washer.—The brush-type washer has 

three, four, or five soaker compartments containing alkali solutions that 

serve to clean the bottles and kill bacteria. The bottles are put on a 

wTr 81 — Milk-bottle crate washer. Alkali washing preparations are sprayed with 

„rcl asainst “e crates which cleans the wood, wires, and crevices. They are then nnsed 
yith cold water and conveyed to the bottle-filling room, 0Courtesy of Mojonmer Bros.) 

loading table, where they are automatically placed in a moving conveyer 

consisting of rows of bottleholders. In the larger machines before being 

turned into the first soaker tank, the bottles are inverted so that any 

refuse is dumped out into a drip pan. At the same time they receive^ 

spray of the water (70°F.) that has been used in cooling thepottles afte 

washing and rinsing. They are then passed in and out of the compa 

ment soaking tanks. There they fill and empty, agitating m the was mg 

solution in a manner that greatly aids in removing fat and dirt Diming 

the nrocess thev are submerged in the caustic solution for about 10 m 

utes The soaking tanks contain caustic solutions of determined 
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strengths, held at constant temperatures by automatic thermostats. 

The transfer of heat from one tank to another is prevented by air spaces 

between them. . , „ i • _ 
Concentrated caustic solution from a reservoir above the washer drips 

steadily into the soaking compartments, and thus a constant streng 

is maintained. Austin2 reports that milk bottles, washed in such equip- 

Fig. 82.—Milk crate conveyer elevating empty bottle crates to an upper floor. (Courtesy 
of Walter Maguire Company.) 

ment contain less than 100 bacteria per bottle, provided that the tem¬ 

perature and strength of the caustic solutions are accurately controlled. 

Effect of Washing Solutions on Milk Bottles.—Milk-bottle glass has 

been shown to be somewhat soluble in strong alkali solutions, and the 

action is gieatei at a high temperature. Caustic alkali is particularly 

detrimental because it etches the glass, thereby weakening the structure, 

and thus makes the glass more susceptible to chipping. Washing mate¬ 

rials known to have a high solvent effect on glass should be used only in 

dilute solutions and in soaker-type washers at a temperature that is less 
detrimental. 

^Washing Applied-color Lettered Milk Bottles.—Special precautions are 

necessary in using alkali washing solutions for applied-color lettered milk 

bottles. A caustic alkali mixed with soda ash is less severe than one 

mixed w,th t,•.sodium phosphate. The important thing to consider is 

the total strength. Low-strength solutions have little effect on the color, 
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w heieas stiong ones cause the color to become dull. Very strong solu¬ 

tions will actually remove the color. Obviously, the lowest strength 

consistent with clear bottles should be used; the exact strength will 

depend on the composition of the solution. Plant operators use solutions 

varying from 0.5 to 3 per cent causticity, but some have cleaned bottles 

satisfactorily with a causticity of 0.5 to 1 per cent with little or no injury 

to the colored labels. The temperature of the solution to which the 

bottles are subjected has a definite effect; 150°F. has been used effectively 

without injuring the color, whereas 180°F. causes damage. The higher 

temperatures are, of course, more effective in killing bacteria; but where a 

chlorine solution is permitted as a final rinse, the bottles show a bacterial 

count satisfactory for the general milk supply. 

n/ Operation of the Brushes.—The bottles drain as they emerge from the 

last soaking tank in an inverted position. Each row then passes upward 

and revolves between two rotating roller brushes; and the outside of the 

bottles, including the bottoms, receives a thorough scrubbing and rinsing, 

as water is being continually flushed through the brushes. The bottles 

then receive an inside spray of water. 

The inside next has two thorough brushings and rinsings. The 

brushes move into the bottles so fast that the friction against the sides 

and cap seat removes any material loosened during the previous soaking. 

A continuous supply of water through the tubes keeps the brushes clean 

at all times. After the inside brushings, the bottles receive two sprays 

of water, a draining, and then two sprays ot hot water or chlorinated 

water, depending upon the type of sterilization used. After the final 

inside spray the bottles are drained and cooled for about a minute. 

They are then automatically dumped on a bottle conveyer and conducted 

to the fillers. A shaded light installed over the unloader aids inspection 

of the bottles as they leave the washers. The total procedure with this 

type of equipment requires about 22 minutes. 
The smaller brush-type bottle washers have fewer compartments, 

but the principle is the same as that described for the larger machines. 

The Air-brush Soaker-type Bottle Washer.-The air-brush soaker- 

tvpe bottle washer depends on caustic solutions to loosen and remove 

most of the milk solids and to destroy bacteria. The softened am 

loosened material is rinsed from the bottles by passing them m an inverted 

position over jets, which spray them with a mixture of air and water 

forced into the bottles under high pressure. I Ins principle has 

described by one manufacturer as an “air-brush tieatmc . 
and water mixture is directed against the entire inner surface to remove 

anyThf outside of the bottles comes in contact with revolving stiff fiber 

brushes whTch clean the sides and bottoms. Either hot-water sprays or 
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a chlorine solution is used for sterilizing. According to some operator^ 
chlorine solution with a strength of 80 parts per mdl.on is satisfactory 
for milk bottles. It is said that this strength destroys bacteria and that 
there is not sufficient chlorine left in the bottle to influence the flavor 
of the milk If hot water is used for sterilizing, a series of cooling sprays 
to reduce the temperature gradually are used to avoid breaking the bot¬ 
tles. A small soaker-type bottle washer is shown in Fig. 83. 

The illustration shows the different steps in the washing ol milk bot¬ 
tles. They consist in soaking in the caustic solution, spraying with 
trisodium phosphate, rinsing with fresh water, and giving the air-brush 

treatment to the inner surfaces. 
Soaker Tanks.—The smallest, or Junior, washers have one large 

soaker tank containing the caustic solution. 1 he temperature and 
strength cf alkali used vary with different operators. With filtered or 
soft water, a caustic strength of 1 per cent and a temperature of 145°T. 
have proved successful. This equipment allows the bottles to remain in 
the soaker tank about 12 minutes. 

The largest type machine contains six tanks. Tank 1 is used for 
rinsing and may contain clear water or a milk alkali preparation. Tanks 
2, 3, 4, and 5 contain caustic alkali solutions, with the maximum tem¬ 
perature in tank 3. Tank 6 is for rinsing with clear water (or 0.5 per 
cent trisodium phosphate to give a clearer bottle). In machines where 
bottles do not receive a preliminary rinse to remove foreign material, 
tai^k 1 should be emptied and cleaned each day. Tank 2 may be emptied. 

Daily Care of Large Bottle Washers.—Large bottle-washing equip¬ 
ment should receive daily attention to ensure satisfactory appearance 
and service. The operators should be made responsible for keeping 
the exterior clean. A mechanic should inspect the machine to determine 
whether the washing solution and the water-spray jets are free from 
incrustations that would interfere with the flow. Brushes and mechanical 
parts should be inspected daily and replaced when necessary. During 
operation, special attention should be given to parts that may be damag¬ 
ing the bottles. Some mechanical washers cause considerable breakage 
and chipping of cap seats and lips. Such damage is due not so much 
to the construction of the machines as to their improper adjustment and 
operation. Brush spindles, if not kept tight, may become bent or out of 
alignment. If the chains and sprockets used in some types of machine 
become worn, the carrier pockets do not coordinate with the brush 
spindles, so that the bottles may come in contact with moving metal 
parts and suffer chipping or other injuries. Rubber disks used in the 
mechanical washers to protect the glass may become worn and permit the 
glass to be damaged by striking the metal pockets with considerable 
velocity. 

f 
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WASHING MILK CANS 

Hand Washing.—In small milk plants, cans are commonly washed by 
hand. They are first rinsed in cold or lukewarm water. Then the entire 
inner surface of the can is brushed in a warm washing solution to remove 
the milk solids. Care should be used to brush the entire inner surface, 

especially around the top. The outside should also be brushed. 

-Sterilizing milk cans and lids with steam-jet type of steamer and drier 
of Francis Canhope.) 

(<Courtesy 

Hand washing is more easily accomplished in galvanized iron vats at 
least 3 feet long. When wash vats have two compartments, the second 
compartment may be used for rinsing the cans in warm water to remove 
the washing solution before sterilization. A steam jet installed through 

e drainboard may be used for sterilizing, the cans being inverted 
over the jet and the steam allowed to flow into the can for about 50 sec- 
onds, the average time required for proper sterilization by this method. 
Huh can is then removed from the steam jet and placed upright until the 
.team escapes. It is then inverted to remove the small amount of 

condensed steam left m the bottom, after which it is placed upright to 

iy. i lough this tedious procedure cannot be used in large dairy 
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plants, the proper drying of hand-washed and sterilized cans can be 

accomplished only by this method. 

Considerable time and labor are saved if hand-washed cans are 

sterilized and dried mechanically. Equipment is available for steaming 

the cans and lids and drying them with hot air. 

J Machine Washing.—For larger operation, automatic can washers, 

sterilizers, and driers may be used. There are two types: the rotary, 

operated by one man, who places the cans and lids in the machine for 

washing and removes them after they are dried; and the straightaway 

washer. With the latter the unwashed cans are placed in one end, and 

the conveyer deposits the cans at the other end in a sterile, dry condition. 

Some washers of this type automatically deposit the cans with lids in 

place on a conveyer at the outlet end, where they are carried auto¬ 

matically to storage; or the cans may simply be removed manually by a 

second operator. 
The Principles of Mechanical Can Washing.—In cleaning milk cans, 

dependence is placed on the force of the washing solution from the spray 

nozzles of the can washer to remove all particles of milk solids mechani¬ 

cally. To accomplish this, spray jets are located beneath the inverted 

cans, which are conveyed through the machine automatically. Hoii- 

zontally placed jets are provided for the lids and the outsides. 

Motor-driven centrifugal pumps force the rinse water and washing 

solutions through the spray jets. Rinse-water and washing-solution 

tanks are located at different points beneath the conveyer. These are 

connected with the centrifugal pumps, which force the liquids into the 

cans under high pressure as the latter pass through the machine. 

After rinsing and washing, the cans are heated with steam from jets, 

which raises the temperature to that used for sterilization. The cans 

are dried bv air forced into them to take up the moisture. 
Operation of Can Washers.—Mechanical can washers must be operate 

properly, or they will not accomplish the work. The first important point 

l the temperatures of the rinse waters, washing solution, and steam. The 

rinse water should be warm enough to melt and remove any fat that may 
• • +1 o nan well as to rinse the other milk solids from the innei 

re7in in The solution should be held at 180T. and the second 
.surfaces 1 he w ash g ■ of the can will be heated to a 

Tough the washers before the ,i„uids reach the des.red^ 

The steam supplying the jets for steam,ng the n ene ^ ^ ^ 

washer usually has a pressure of abou^ 60 P™ ; y be ipped with a 

then have a temperature of 350_F. ban w 
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Solution pump 

superheater for making the steam hotter than when it is clelivcied fiom 

the boiler. The steam may be superheated by passing it through a coil 

surrounded by a gas flame. Another type of superheater consists of a 

double-tube arrangement in which low-pressure steam is passed through 

a pipe surrounded by a larger pipe that carries high-pressure steam. 

The higher temperature of high-pressure steam superheats the low-pres¬ 

sure steam used for sterilizing. 

The temperature increase will depend on the area of pipe exposed. 

Almost any heater of these types will raise the temperature of outgoing 

Steam inlet 

Wafer inlet 

Pre-rinse 
Pump 

solution wash Drain 

Hof water 
pump Atomizer Steam 
rinse sterile rinse sterilization 
“ I 

Hotair dry 

Temperature 
regulator 

Fig. 85. 

Rinse pump j H Temperature Air heater 
Blower regulator 

Diagram of milk-can washer, sterilizer, and drier. (Courtesy of Creamery Package 
Manufacturing Company.) 

steam at least 50 F. above that of entering steam. In some can w’ashers 

the air used for drying is forced through a steam radiator, which raises its 

temperature; its moisture-holding capacity is thus increased, and the 

efficiency of drying, particularly in moist atmospheres, is improved. 

Washing Preparations for Can Washers.—Various kinds of washing 

materials are used to make up solutions for can washers. Some are 
powrdered, others liquid. 

When can-washing machines are operated continuously for several 

ours, t e strength of the washing solution is gradually reduced The 

cleansing ingredients combine with the protein and fat of the milk 

“ the can°s Th ’ith the rinse wato remaining 
the cans. 1 hese losses should be compensated for by adding more 

the preparation at intervals. The strength of washing solutions should 

•spstWiws—sg 
Lhetor'If'jLt^SsXVonTr t°ntainer befOTe being added 
surface of the can ° Str°ng’ “ wiU the tinned 
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Care of the Can Washer.—At the close of the day’s operations, the 

rinsing and washing compartments of the can washer should be drained, 

and the inside surfaces brushed to remove accumulated milk solids and 

other foreign material. The spray jets should be kept free from scale, 

which would interfere with proper washing. In some cases an awl or 

other sharp instrument is needed to keep them open. The screens over 

the ends of the suction pipes should also be kept clean. 

If there is danger of freezing, the tanks should not be refilled until 

just before the next operation. An important point in installing can 

washers is to prevent the overflow water from the tanks from draining over 

the floor past the air intake of the drying apparatus, for the vapor from 

the warm water will enter the air supply and reduce the efficiency with 

which the cans are dried. Can washers are frequently installed with 

a metal hood covering the machine and connected with a large flue 

through which a fan draws the rising steam to the exterior of the building. 

Cleaning and Sterilizing of Milk Tank Cars and Trucks—When milk 

has been removed from tank cars and trucks, the tanks should be rinsed 

immediately by spraying them through the manhole opening with cold 

or warm water from a hose. Then any surfaces showing milk solids 

should be brushed. Water should be supplied from above as the brush 

is used. The sanitary precaution of placing clean rubbers over the shoes, 

described for cleaning large milk tanks, should be observed. 

After the rinse water has drained away, the surface of the tank should 

be scrubbed with a mild alkali preparation to remove any milk film 

remaining. Some operators use a detergent containing abrasive materia., 

which removes the solids mechanically and eliminates the need for chem- 

icalagents that may injure glass-lined equipment. Either glass-hned or 

stainless-steel tanks may be cleaned by this method. 
After the washing solution is applied, the tank is brushed wi 1 war 

water to rinse off the material used for cleaning. The surfaces are then 

rinsed with warm water through the manhole. . . , , • to 
Tank cars for transporting milk from the country receiving station to 

the citv are usually rinsed at the city terminal as soon as the m 

removed They are then usually returned to the country receiving ptot 

Tere cleaning and sterilization can be done more carefully undei 
w 

supervision. methods of sterilization are common: (1) the 
Sterilization. Two meth0“b , th use o( a chlorine solution, 

application of heat by live s e connecting a pipe or hose with 

Steam BteriU“^i'XSuie steam to flow into the tank untila 

:^^rmaintain a slight steam pressure in the tank. 
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A safety valve is desirable to prevent pressures that would be injurious; 

2 to 3 pounds will be satisfactory. The sterilizing temperature in the tank 

should be maintained for 20 to 30 minutes. After steaming, the manhole 

and drainpipe should be left open for a few minutes to permit condensed 

steam to drain out and the metal surface to dry as well as possible. 

This method is less useful when the tanks are to be filled immediately 

with milk. 
Some milk distributors have used chlorine for sterilizing tank cars and 

trucks, as a substitute for steam sterilization. This method may be more 

convenient; for steam may not always be available, and the amount of 

steam necessary to heat a large glass-enameled or metal tank is a factor 

to be considered. Chlorine has the added advantage that bacteiia will 

not reproduce on a chlorinated surface. 
Chlorine sterilizing solutions are best applied to glass-enameled or 

metal-lined milk-tank cars and trucks by means of spraying equipment. 

A convenient method is to pass a pipe equipped with a bronze nozzle 

through the manhole and apply the chlorine solution under a pressure 

of 75 pounds per square inch. The pipe should be brass, with an inside 

diameter of 0.25 inch, and should be 5 to 12 feet long when the manhole 

is located in the top of the tank, depending on the size of the equipment 

to be sterilized. One brass nozzle, like that used in applying spray mate¬ 

rials to fruit trees, may be connected to the end of the pipe. When the 

manhole is located in the end of the tank, the pipe should be 12 feet long 

and have three or more nozzles. The nozzles are attached to the long 

pipe by pipes about 1 foot long set at different angles, so that when the 

pipe is turned on a half circle along the bottom of the tank the entire 

surface will be sprayed. If rubber washers are placed around the pipe 

at intervals of about 2 feet, the bottom of the tank will not be scraped. 

About 1 gallon of chlorine solution per nozzle is required to cover the 

surface. Better sterilization will be secured if 0.1 per cent of sulphonated 

alcohol is added to the chlorine solution. The sulphonated alcohol 

reduces the surface tension of the liquid so that the fine mist coming from 

the nozzles will spread and form a film when it strikes the surface of the 

container. The corrosive action of the chlorine solution may be reduced 

by adding 1 gram of trisodium phosphate to each gallon of the solution. 

When chlorine sterilizing agents are used in stainless-steel tanks, some 

corrosion or pitting may occur at the joints if the stainless steel hks not 
been properly welded. 

CHLORINE STERILIZATION 

Most of the chemical agents that destroy bacteria are toxic and there- 

fore cannot be used in foods or in killing the bacteria in food containers 

A substance that imparts an objectionable odor or flavor to a product or 
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affects its edibility or healthfulness cannot be used. Chlorine, however, 

is an effective germicide under certain conditions and has been used 

in the dairy industry to control bacteria in utensils and equipment. It is 

not toxic when used in dilute solution. 

Some inspection departments require that all dairy apparatus be 

sterilized by heat. In such localities the use of chlorine would be unneces¬ 

sary unless as an added safeguard. Some health officials have held such 

views because dairy apparatus cannot be properly cleaned without hot 

water. They believe that, if chlorine is depended upon, hot water will 

not be used for the cleaning, and the apparatus will therefore not be 

properly sterilized. 
Classification and Composition of Chlorine Preparations.—Chlorine 

sterilizing preparations may be classified as follows: 

1. Chlorine Gas.—Chlorine gas is purchased in steel cylinders in 

which it is compressed. It may be mixed with water, and the solution 

used for sterilizing; it may be mixed in a solution of sodium hydroxide to 

produce sodium hvpochlorite. 
2. Calcium Hypochlorite.—'This compound, commonly known as 

“bleaching powder” or “chloride of lime,” is available in two different 

preparations. One contains, when fresh, about 32 per cent available 

chlorine; the other about 64 per cent. Calcium hypochlorite is not very 

soluble in water; but when it is mixed with water, most of the chlorine 

goes into solution, forming hypochlorous acid. After the lime has settled, 

the clear solution may be used for sterilizing. This solution loses its 

strength rapidly. It may be used as hypochlorous acid, or it may b 

changed to sodium hypochlorite by adding sodium carbonate. The 

latter being more alkaline, is less corrosive to metal. . 
3Sodium Hypochlorite. Most of the liquid preparations of chlonne 

disinfectants on the market today are sodium hypochlorite. They a 

hquid sodium pochlorrte _chloramine T is available in a fine 
4. Chloramine 1 Compounas. . product it 

crystalline form under a variety of to* -m^ Ajtable^^ ^ 

acts more slowly than.thei ypoc We powdered form. It is 

more slowly. Dichloramine 1 , lhlp in water. With alkalies, 

not very stable and is' °" ■'T,Tbo effective for sterilization it is mixed 
it becomes more soluble, an aration is seldom used in the 
with alkaline washing powders. This preparation 

dairy industry. 
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Preparation of Chlorine Solutions.—Chlorine gas compressed in steel 

cylinders is passed into and mixed with water by means of special meas¬ 

uring apparatus. It is effective as a rinse and spray solution, particularly 

in mechanical bottle-washing machines, where large quantities of liquid 

sodium hypochlorite, the concentrated stock solution, may be prepared 

by passing chlorine gas into a sodium carbonate solution. 

Liquid sodium hypochlorites are available under several trade names. 

A concentrated solution is obtained by passing chlorine gas into a solu¬ 

tion of sodium carbonate; or it may be made directly from sodium 

hypochlorite, a by-product of the electrolysis of brine. Liquid sodium 

hypochlorites are usually purchased in concentrated form and diluted 

to the desired strength for sterilization. Crystalline sodium hypochlorite 

is dissolved in water just before use to give a sodium hypochlorite solution. 

About 2.5 to 3 per cent of available chlorine is contained in this com¬ 

pound, which is relatively stable. Calcium hypochlorite or chlorinated 

lime is mixed in water in preparing hypochlorite solutions. 

A hypochlorite sterilizer may be conveniently prepared as follows, 

with calcium hypochlorite (chloride of lime) containing 24 per cent 

available chlorine: 

Place the contents of a 12-ou.nce container of chloride of lime in a 

3-gallon stone crock. Add 1 quart of water, a little at a time, using a 

wooden stick to break up the lumps. Mix to a smooth, thin paste. 

Dissolve 4.5 pounds of washing soda (sodium carbonate) in 1.75 gallons of 

water, and add it to the crock containing the chloride of lime. Stir the 

mixture thoroughly, and let it stand in the crock with a wooden cover 

in a cool place overnight. The lime will settle to the bottom and leave 

a clear solution. Then remove the solution containing the sodium hypo¬ 

chlorite by dipping it from the crock with a cup or by siphoning it with a 

small hose. Store the concentrated solution of approximately 2 gallons 

in gallon bottles. Prepare a sterilizing solution, 4 ounces of the concen¬ 

trated hypochlorite with 3 gallons of water, to yield a solution containing 

approximately 100 parts per million of available chlorine. 

If the calcium hypochlorite used contains more than 24 per cent 

chlorine, adjust the amount of powder to give an equivalent amount of 
chlorine. 

Factors Influencing the Stability of Chlorine Solutions.—Hypochlorite 

.solutions do not. retain their strength unless they are protected from 

conditions that decrease their stability. Since strong light affects chlorine 

seriously, the concentrated preparations should be stored in sealed 

containers. 1 he concentrated solutions should be kept in opaque or 

c.nk glass jars or bottles to prevent deterioration. The dilute solution 

used for sterilizing should also be covered to exclude the light. 
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The age of the concentrated preparations also affects the chlorine 

content. Chloride of lime packaged in pasteboard containers may lose 

its strength somewhat while being held for sale. Some city inspection 

departments permit the use of chloride of lime only when it contains the 

percentage of chlorine stated on the label and is sold in hermetically 

sealed all-metal containers. The dilute solution, in the strength used for 

sterilizing, should be made up fresh lor each application. 

. 30 

addition of milk.4 

55 STS 
p'"' 

that no foreign organic material is Pre!^ Traces of milk left on 

Organic material affects c' °™®u®n(je the effectiveness of chlorine 

dairy equipment will serious y chlorine sohition to which 0.1 per 

sterilizers. As Prucha^ aS a kedly reduce the strength of most 

SiST rle/the Chlorine to disappear more 
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rapidly. Although Lovelace4 has demonstrated that a temperature of 
160°F. does not influence the stability of dilute hypochlorite solutions 
free from organic material, he has also found that, if organic material 
is present, hypochlorite solutions lose the available chlorine rapidly at 

160°F. 
Figure 86 shows graphically the more rapid loss in a hypochlorite 

solution at 160°F. than at 70°F. when 0.1 per cent of milk is added. 
The importance of removing all traces of milk from dairy equipment to 

be treated with chlorine is emphasized from a study of the graph. 
The Use of Chlorine Sterilizing Solutions.—The strength of chlorine 

solutions is usually expressed as so many parts of chlorine in a million 
parts of water. The concentrated solutions are diluted with water to 
give the desired strength for treating dairy utensils and equipment. The 
usual strengths vary from 50 to 300 parts per million. The chlorine is 
applied as a flush or dip solution or as a liquid spray. The flush or dip 
solutions may contain 50 to 100 parts per million available chlorine, and 
the spray solution may be used at a concentration of 200 to 300 parts 
per million available chlorine. Because of their tendency to lose strength 
rapidly, the dilute solutions must be prepared daily just before use. One 
should test them often enough to be sure of the amount of chlorine present. 
The danger of off flavor caused by traces of chlorine adhering to utensils 
after treatment appears negligible provided that the solution is of proper 
strength and the utensils are thoroughly drained after treatment. 

When dairy equipment free from milk solids is rinsed with a chlorine 
solution of proper strength, sterilization will be satisfactorily accom¬ 
plished. One must realize, however, that milk pails and other equipment 
with rough surfaces and crevices cannot be properly cleaned. Chlorine 
sterilization applied to such equipment will not be effective. 

Corrosive Action of Chlorine Compounds.—Chlorine solutions corrode 
nearly all the metals used in dairy equipment. Among such metals, 

only the chrome-nickel-iron alloys do not show corrosion when subjected 
to prolonged exposure to chlorine solutions containing 100 parts per 
million available chlorine.4 Tinned copper, aluminum, monel metal and 

copper have all shown susceptibility to corrosion by liquid chlorine 
hypochlorite preparations of low alkalinity. The degree of corrosion is 
minimized by buffer solutions such as the silicates, carbonates, phos¬ 
phates and borates. Hunziker, Cordes, and Nissen5 have shown how¬ 
ever, that not all metals are equally protected by buffer salts. 

le procedures for testing the strengths of hypochlorite and caustic 
solutions are described in Chap. XXV. SUC 
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CHAPTER XIV 

PASTEURIZATION OF MILK 

Pasteurization as applied to market milk consists in heating the milk 

to a temperature sufficiently high and for a time sufficiently long to kill 

most of the bacteria. This is followed by cooling to a low temperature. 

The temperatures required for heating are based on the destruction of 

pathogenic bacteria, all of which are killed by the standard procedures 

recommended. 

In most cities, pasteurization is regulated by ordinances specifying the 

temperatures to which the milk must be heated and the minimum time 

the temperature must be maintained. As experiments have shown, the 

temperature of 140°F. maintained for 20 minutes will destroy all patho¬ 

genic bacteria and from 90 to 99 per cent of the total microorganisms in 

milk. Many city regulations, however, require heating to a temperature 

above 140°F. and maintaining the temperature for at least 30 minutes as a 
safeguard against error. 

d he efficiency of bacterial destruction varies according to the number 

and kinds of bacteria present before pasteurization. Milk containing 

few bacteria ordinarily shows a lower pasteurization efficiency than milk 

containing a larger number. The explanation is that high-count milk 

usually contains a predominance of lactic-acid organisms, which are 
more easily killed at the pasteurizing temperature. 

Pasteurization of milk is practiced generally in the larger cities 

throughout the United States. The process is increasing in importance 

anada England Denmark, Germany, Italy, Australia, and New 

also anp Pa!)finzec 18 being used somewhat in other countries, 
also Raw milk is sold throughout most of Europe, but there it is gen¬ 
erally boiled m the home before use. 

In 1933 the U.S. Public Health Service reported that 87 per cent 

of the milk sold in cities in the United States having populations of 

MS: rr,In sma,,er ^ 
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against objectionabfe “"If 
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and training to control these conditions. Detailed procedures must, 

furthermore, be followed in producing milk according to present sanitary 

standards. Since much extra labor and expense are involved, some 

producers take short cuts that may jeopardize sanitary quality. 

When milk is received at the city plant from its many sources, it is 

mixed together for standardizing and processing. One bad milk supply 

might therefore injure a large volume of milk, and any pathogenic bacteria 

from one source would be likely to affect the entire supply if the milk were 

not pasteurized. These possible conditions have led health officials to 

favor pasteurization, which, if properly carried out, affords protection 

from pathogenic organisms. 
Pasteurization is of value commercially in reducing the total number 

of bacteria and in increasing the keeping quality of the milk. It should 

not, however, be considered a substitute for efforts to produce high- 

quality milk. 
Methods of Pasteurization—There are two general methods m use tor 

pasteurizing market milk and cream: (1) the holding method and (2) the 

high-temperature short-time method. Both of these are accepted by the 

U.S. Public Health Service.1 p n- 
1 The holding method of pasteurization as defined m the Public 

Health Service Milk Ordinance and Code consists in heating every particle 

of milk to at least 143°F. and holding it at such temperature for at least 

30 minutes in approved and properly operated equipment. e u ic 

Health Ordinance also specifies that approval shall be limited to appara u 

requiring a combined holding and indicating thermometer tolerance of 

not more than 1.5°F. as shown by official tests. It provides that su 

apparatus shall be properly operated and that the indicating-thermometer 

and recording-thermometer charts shall both read not less than 143.5 F. 

holding method vary somewhat fo>The Nev^ 

iirofd!LaneeemH4“F for 30 minutes; and certain other 
140 and 145°F., to be maintamed between 

these'limits for at least 30 minutes but ^\Cof ^eS milk con- 

2. The high-temperature it a^such tem- 

as “flash” pasteurization. 

THE HOLDING METHOD OF PASTEURIZATION 
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tank pasteurizers are by far the most common. Some types allow for 

the heating of the milk in the vat as well as the holding; but, in large- 

volume operation, much time is saved by heating to the holding tempeia- 

ture by the flash method, with separate equipment, which raises the 

temperature in a few seconds. With this arrangement the milk passes 

from the heater to the holder at a temperature of 143°F. or above and 

remains in the holding vats at that temperature throughout the holding 

period. 
Vat pasteurizers are often used when a small volume of milk is to be 

processed. The milk is heated to the required temperature and held there 

during the holding period, after which it is cooled with separate 

equipment. 

In such operation, some of the milk remains in the vat for an hour or 

more before being passed over the cooler and bottled. The “cooked” 

flavor may, however, be more noticeable to the consumer when this 

method of processing is followed. If cold water is circulated through the 

jacket or coil of the pasteurizer at the end of the holding period, the 

temperature of the milk may be quickly lowered 10 to 20°, and at this 

point the heated flavor will not continue to develop. 

The outlet valve of vat pasteurizers should be recessed into the lining 

so that the valve is closely connected to the vat, to prevent a dead space 

where milk will not heat. The valve should be provided with leak 

detectors which drain the milk from the space in the valve plug, to prevent 

the mixture of pasteurized with nonpasteurized milk. There are three 

types of vat pasteurizers in general us^—coil, spray, and jacketed vats 
with agitators. 

Coil Vats.—The coil vat was one of the first types used for heating 

and holding milk during pasteurization. The equipment is available 

as a rectangular metal vat with a horizontal metal coil or as a square vat 

with a vertical coil. The sides and bottom are insulated with cork or 

other material, encased in a metal covering. A hinged cover of the same 

construction is provided for the top of the vat. The coil, constructed of 

hollow tubmg 1.5 to 3 inches in diameter, is suspended from a central 

shaft that passes through the ends of the vat. The coil is connected 

with the hollow shaft at both ends so that the water used for heating mav 

pass from the outside through the shaft into the coil at one end of the vat 

ami out, of the coil through the shaft at the opposite end. The coil and 

ft aie revolved by a power-driven gear at the end of the vat which 
agitates the milk while it is being heated. 

In construction the square vat resembles the rectangular type except 

at the coil is suspended from the cover and no shaft bearing'or stuffine 
box comes in contact with the milk. h tuning 
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Milk may be heated, held, and cooled within the coil vat. About, 

1.5 hours is required for the process, however; and if the cooling medium 

circulated through the coil is not kept at a low temperature, the agitation 

during this slower method of cooling will result in a smaller cream volume 

in the milk after bottling than when milk is cooled rapidly over a surface 

cooler. The coil should be revolved continuously during heating and 

holding to maintain a uniform temperature throughout the milk and to 

keep the milk from “burning on” to the coils when high-temperature 

Fig. 87.—Coil-type pasteurizer. 

heating water is used. During the holding period, the cover of the rat 

should always be kept closed. , -,h 
Spray Vats.-The spray-vat pasteurizer is rectangular with a jacket 

or double wall around the sides and bottom from which the heat is 

the milk. 
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The spray-type pasteurizer has a smooth surface throughout that is 
easily cleaned. As a heater and holder, it is very satisfactory. Separate 
cooling equipment should be used, for cooling of t he milk in the vat is 
too slow to secure the maximum cream layer. 

Spray vats arc usually equipped with automatic tempeiature contiol. 
The water-circulating pump will operate until the desired pasteurizing 

i“s milk Sr‘tvirrnctor; mometer. ^ an-temperature indicating ther- 

temperature is reacheil. At this point the contact mechanism in the 
stiument will automatically stop the pump. Thereafter, the milk will 

U mam a,"Oil at its proper temperature throughout the holding period 

control poinh ^ automatically should the milk cool below the 

SXKSfSi-t z * 
perature is used for a mrilv fiiu 1 + . aiure- « fhe same tem- 

temperature than would be’ obtain* hri^g ih/oSn ouUvat 
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The self-acting temperature regulator should be adjusted to maintain the 

lowest water temperature consistent with the desired rate of milk heating. 

The creep in a full vat with water at 150°F. would be 0.25 to 0.50 F. 

The cream layer and flavor of milk may be influenced if partly filled vats 

are not carefully operated. 
Where automatic temperature control is not installed, holding vats 

may be equipped with alarm contact thermometers that operate electric 

contacts and ring a bell when the holding temperature has been reached. 

A plug attached to the contact of the thermometer is connected into the 

{Courtesy of Cream- 
du mmutca. A^ * v 

Package Manufacturing Company.) 

-™ «"•"»t “f i»r'. 25™* 
s i.«...—.«to >to - “• 

P'U Jacketed "vats with ,Agitators.-Various types of jacket* vats 

equipped with agitators are supped ^ or of glass- 

in the United States are “re more commonly used as 

enameled steel. T »' ‘'oun v The Qiass.lined vats are constructed of 
holders for pasteurized mi • 9 Surrounding the 
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The motor-driven agitator is ordinarily suspended in the vat through 

the cover, and in small equipment the agitator is raised for cleaning 

when the cover is opened. When the cover is closed, the agitator reaches 

nearly to the bottom of the vat. 
In another type the agitator is connected with a motor-driven shaft 

that passes through the side of the vat near the bottom. I he agitatoi 

blades are curved to prevent violent agitation, which, under certain 

conditions, would affect the creaming. 

The milk is heated by hot water or steam passing into the space 

between the two tanks. In all types of vat pasteurizer, agitation should 

be continuous during heating and holding. This method prevents exces¬ 

sive heating of any part of the milk and a consequent “cooked” flavor. 

Multiple-compartment Holders.—In recent years, multiple-compart¬ 

ment holders have been used in large plants where there has been a 

demand for an automatically controlled continuous-flow sj'stem using 

separate heaters and positive holders. The holders are circular and are 

divided into separate compartments. The multiple-compartment holder 

now more popular is divided into eight separate tanks of equal volume. 

The milk, pumped through tubular heaters, enters the holding compart¬ 

ments at a fixed rate of flow. Each compartment is filled in regular 

order automatically. The holder revolves at such a speed that the milk 

will remain in each compartment at least 30 minutes, after which it is 

released automatically and passed to the cooler. 

Continuous-flow Heaters and Holders.—Milk may be pasteurized 

with continuous-flow heaters and holders, which usually operate auto¬ 

matically. One type of continuous holder is a series of long, large tubes 

through which the milk flows from the heater to the cooler. The milk 

is pumped through at a regulated speed. The capacity of the pump 

must be uniform and of such volume that the milk will remain in the 

holding tubes the full 30 minutes required for proper pasteurization by 
this method. 

The continuous-flow holding system may be accomplished also by a 

series of holding tanks. There may be three or more, depending on the 

volume of milk to be pasteurized per hour. The milk is usually heated 

to the pasteurizing temperature by pumping it through either a plate 

eater or an internal tubular heater, from which it passes into the first 

holding tank. I he second tank is filled while the milk in the first tank 

is )eing held at the pasteurizing temperature. A series of holding tanks 

held fb° ™C( m tKlS Wvay‘ As 80011 as the milk in tke first tank has been 
1 foi 30 minutes, the outlet valve is opened, and the milk allowed to 

flow to the cooler and finally to the bottling machine. As soon afthe 

L t fnn ,?K?,3tledi il may be likewise, each of the holding 
tanks ,s filled, held, and emptied in order, throughout the day’s operation 
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The heating, holding, and cooling of the milk may be controlled 

manually by the employee in charge of pasteurization or by automatic 

devices that regulate the temperature of the heating water, the tempera¬ 

tures of heating, holding, and cooling of the milk, and the opening and 

closing of the valves connected with the holding tanks. 

All pasteurizer vats used for holding milk that has been heated to the 

pasteurizing temperature before entering the holders should be preheated 

with steam or by some other means so that the metal will reach at least 

the pasteurizing temperature before the holding period begins. 

MILK HEATERS 

In city plants where a large volume of milk is pasteurized each day, 

the process should be completed as quickly as possible. To this end, 

hash-type heaters are often used to bring the milk rapidly to the pasteuriz¬ 

ing temperature. It is then held in vats during the holding peiiod and 

cooled immediately over a surface cooler. This method of cooling reduces 

the time required for pasteurization and ensures a deeper cream layer 

than vat cooling does. There are two types of heater in general use: the 

plate type and the double-tube (internal tubular) type. The former 

requires about 20 seconds to heat the milk to the pasteurizing tempera¬ 

ture; the latter 1 to 2 minutes. . 
Plate Heaters—The plate heat exchanger originated m England m 

1923 and has come into use in the United States during recent years. The 

end frames and traveling head are constructed of heavy cast iron or 

specially prepared alloy, joined by heavy stainless-steel bars or by rails 

that form the frame of the heater. The series of thin stainless-steel plates 

hung horizontally on the upper bar or rails are held tightly togethei m 

the frame to form a channel. The plates made by different manufacturers 

are embossed with corrugated, grooved, or similar irregular surface. 

These give turbulence to the milk as it passes between them and aid 

rapid transfer of heat. Rubber gaskets are fastened around the edges 

7 he plates and the openings to direct the flow of "mtg*. the 
The plates when assembled for operation, are 0.25 inch apart, 

'^During ope ation the raw milk enters the heater through either the 

ment, and passes to the the milk is stopped by 
plates, through crossover holes. AO 

a plate without a crossover hole The 6^0 ^ each 

between the plates aic reserv medium Figure 77 shows the 
alternate stream is either milk or heating medium^ ^ 

arrangement of plates am t m c:msso^ ^ ^ start flowing upward 

This arrangement al ows three st water which is 
or downward in parallel streams to be heated m 
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flowing in the opposite direction against the other side of the plates. J he 

purpose of dividing the milk flow into three streams is to reduce the pres¬ 

sure of the milk. A plate heater with a capacity of 12,000 pounds per 

hour would therefore have 4,000 pounds of milk per hour passing through 

each plate space, and this arrangement would require less pressure of 

the milk as it passes through the equipment. The raw milk flows 

continuously up and down in three distinct parallel streams until it has 

passed between the number of plates necessary to raise the milk to the 

Fig. 90.—Plato heat exchanger used in conjunction with tank-type holders for low- 
temperature pasteurization. (.4) Half of the milk-regenerative heating section and th< 
mal heating section; (B) half of the milk-regenerative cooling section and the final coolim 
secUon; (C) connector plate between regenerative and final heating sections; (D) tormina 
plate through which milk leaves the heater. (Courtesy of York Ice Machinery Corporation.) 

pasteurizing temperature desired. The number of parallel streams 

passing through plate heaters may be arranged by the equipment manu¬ 

facturer according to the pressures desired by the milk-plant operator. 

onneclor plates may be installed at any point in the plate assembly 

and milk may be drawn from or returned to the system wherever they are 

installed. In regenerative heating the preheated incoming raw milk may 

be drawn from the system, passed through a filter, returned to the system 

bfd,Tn1r' T th! fi"al Likewise, ,he milk may 
be drawn from the system to the holder through the terminal plate at 
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the end of the final heating section. Figure 90 shows one connector 

plate that separates the regenerative and final heating sections and also a 

terminal plate from which the milk flows to the holding vats. 

The capacities of plate heaters can be adjusted to any volume by 

adding or reducing the number of plates used. Usual installations range 

from 4,000 to 35,000 pounds of milk per hour. 

The plate heater may also be used for cooling milk if a refrigerant is 

circulated through alternate plates instead of hot water. One advantage 

of the plate equipment is its elasticity of operation. One section may 

be used for regenerative heating, in which the cold raw milk is brought to 

about 120°F. by the hot pasteurized milk circulated between alternate 

plates. A second section may be used for final heating to the pasteurizing 

temperature. After the holding period the pastcuiized milk may then 

be passed through the regenerative section and cooled to about 80°F. by 

the incoming cold milk. It is then passed through a third section for 

final cooling to 40°F. or below. In such operation, all three sections 

may be installed on one frame. When there is need for adjusting the 

equipment for increased volume, additional plates may be added to each 

of the sections without changing the procedure or adding new equipment. 

Double-tube Heaters.—With the double-tube heater the milk passes 

through a tube that is surrounded by. a larger one. 1 he hot water for 

heating the milk is forced through the jacket or space between the tubes 

by a pump or steam jet, and it travels in the opposite direction to the 

flow of the milk. The area of heating surface should be large enoug 

heat the milk, without the water temperature becoming so high as to 

cause a cooked flavor. Heaters are manufactured that will raise the 

temperature of milk 100°F., with heating water that is within 4 to 8 . 

of the holding temperature of the milk. , . . 
Double-tube heaters may be used with automatic control devices for 

regulating the temperature of the milk and that of the heating mediu . 
* ‘ ", , , i sjzes of these heaters, ranging in capacity fiom 

4 000 to"^ 000 pounds of milk per hour. The milk tubes for the 4.000- to 

10 00 -pound sL are 1* inches in diameter, with 2^-mch water tubes. 

1 ’ 1 • i o milk tubes and 3-mch water tubes. 

invented in ranee by Denmark) and Italy. The principle of 

extent in milk p ant. ’ th desired temperature by passing 
its operation is the heating of milk to the de ^ ^ ^ of , miUi. 

H b6tWenL M The type of equipment manufactured and used in 
meter (0.04 inch). I 1 Wnrmker2 as having four sections ot 
Denmark has been descn )« > forced through this 
double pipes of a length of 9 f et ea^ Them contact with 

35-foot long, narrow space of Hs >»ch, con g 
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the heating surface. The milk is heated to 167CF., but the temperature 

of the water in the pipes does not exceed 169°F. The heat treatment 

lasts for about 15 seconds. As would be expected, the cream layer on 

bottled milk is considerably reduced in Stassanized milk because of the 

higher temperature of heat ing. 
Air Heaters.—According to experiments, milk held hot in pasteurizing 

vats is not uniform in temperature throughout . If the cover of the vat is 

left open and if no agitation is applied, the milk at the surface will be 

several degrees lower than the remainder of the milk. 

■■ 

Fig91 Automatic controlled pasteurizing installation in which double-tube heaters 
are used. (1) Two surface regenerator heaters and coolers; (2) milk filters; (3) double 
tubes for heating milk to the final temperature; (4) instrument panel; (5) sanitary pipe 
line carrying hot milk to the holding vats; (6) one of the seven milk-holding tanks-capacity 
400 gallons; (7) automatic outlet valve installed on each of the holding tanks; (8) sanitary 
pipe me through which pasteurized milk flows to the milk pump andregeneJaSwSwET 

lurreU°cTP* “ «***« -m. (Courtesy of CZ7y- 

If the milk should not be agitated during holding, any pathogenic 

bacteria present might not be destroyed in the surface milk and thus the 
puncipal purpose of pasteurization would be defeated 

An even more serious situation exists when holding vats and tanks are 

fil ed by pa.ssmg cold milk into them from the top. It is almost impossible 

o fill the tanks from the top without some foam formation. If formed 

n a layer of considerable thickness, the foam will not all be drawn into 

the milk during heating even when agitation is continued during oper 

t :nas HZ 105 F SUb acer°f M<1 at 145°F' »<* ^own a temp m- 



278 THE MARKET-MILK INDUSTRY 

foam on the surface of holding tanks have shown the foam 15 degrees or 

more cooler than the milk, even when the covers of the tanks have been 

kept closed. 

The milk ordinance of the United States Public Health Service 

specifies that holders of the vat and pocket types shall be provided with 

means to keep the atmosphere above the milk in the pasteurizer at a 

temperature at least 5°F. higher than that required for pasteurization. 

The cities in which standard milk ordinances have been adopted are 

requiring air heaters for all holding vats used in market-milk pasteurizing 

plants. 

Note: For vertical vat with 
hinged one-piece cover 
change union, elbow, nipple\ 
and reducer from I "to 'Z/' 

To vat 

Cap with '/8 orifice\ 
('//g for vats 
under 200gal. 
capacity) 

Auxiliary 
water trap " 

Steam gauge, 0~30 lb. 

Control needle 
valve, ’4' 

From steam 
F supply 

Steam 
\ strainer 

t’/J'Pine 1 ( Not less than 
4 ^ /y-3'0"long 

k Not Jess than 12"length of not Q 
eless than t’/z "pipe. (To clean \ V 
orifice above, remove pipe) Cpa 

’/"Steam trap '■ 
Cap with Vdrain hole /2o-100 lbs. 

Fig. 92.—Steam-control assembly for an air heatei.1 

The heaters are nothing more than a perforated steam-distributor pipe 

installed above the milk in holding tanks, through which steam is intro¬ 

duced under control to keep the air in the vat at a temperature shg y 
. I. „ that of the milk As indicated above, the purpose of heating 

the air is to keep the surface milk and any foam that might be present 

“ n^^'hlstall air heaters properly 

Steam from the boilers is passed through “ "on“ol 
rust or other solids; a steam trap removes water from the bn 

valve, a steam gauge, ant an al11' ^ steam.control assembly the 

stra.m^r^es^hrough'the'pm'forated pipe and enters the air space above 

a. * «». «»« “—ssr- 
—- -—“ 
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to avoid erroneous air-thermometer readings from milk splashing during 

agitation. Designs for installing air heaters in different types of vat are 

described in Public Heulth Bulletin 220. 
Both milk heaters and air-heaters are used in many installations in 

large plants for the continuous vat-holder system of pasteurization. 

/" 
Thermometer 
for air temperature 

V/////////////77Z. 

! T 
v, Pipe support 

i]" 

[ 

3/,6 Holes 

From steam / ^ 
'ontrot assembly ^ 

*2 

Section of 
Distributor 

Pipe 

Vertical Sect/on thpoeoh /Ar 
Fig. 93.—Vertical section through a pasteurizing vat showing the installation of an 

air heater. A sanitary pipe is installed the length of the vat. The pipe should slope 
toward the steam-control assembly shown in Fig. 92, to which it is attached to allow con¬ 

densed steam to escape to the trap.1 

MILK HOLDERS 

Multiple-compartment Holders.—The eight compartments of the 

multiple-compartment holder are arranged within the body of the circular 

holder, with a common partition between sections. This is known also 

as the pocket holder. The sides, cover, and bottom of the holder are 

insulated; and the larger models provide for heating the air above the 

milk with high-pressure steam. The capacity of this type of holder 

ranges from 2,500 to 30,000 pounds of milk per hour. The hot milk 

from the heaters enters the compartments through inlet ports in the 

bottom and after the holding period is discharged by gravity through 

outlet ports; thus, the formation of foam is prevented. 

Long-tube Continuous-flow Holders.—Long-tube continuous-flow 

holders, although used for many years, are not now employed extensively 

for new installations. They consist of a series of long, large tubes 

through which the milk passes from the heater to the cooling unit. The 

capacity of the holder is rated on the volume of milk required to fill 

the tubes. Because the holding period is 30 minutes, the capacity of the 

holder per hour is twice the volume of milk required to fill the tubes. 

The holder tubes are arranged in rows and surrounded by a hot water 

jacket that controls the temperature of the milk passing through the 

The heating of the milk is accomplished with separate tubular equip- 

Wn , h* r k mUSt’ therefore- be br°ught to (he final pasteurizing 
temperature before it enters the holder. To ensure this result devices 
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should be provided to start and stop the milk-pump motors automatically 
at predetermined milk temperatures. The milk-flow stop is designed to 
ensure automatic starting of the pump motor when the bulb of the milk- 
flow stop is at or above the pasteurizing temperature. 

Tank Holder Systems.—Many of the more recent installations of 
milk-pasteurizing equipment in large plants are arranged for heating the 
milk rapidly through plate-type or double-tube heaters and holding it in 

stainless-steel or glass-lined holding tanks or vats. Four tanks make up 

" t usual system; but any number 

C" Ar tomatie operation and timing are provided by oper¬ 

ate™ controlled from a central master «to a 

coupled to a motor operator, an car > ope’ n(j dosing the valves, 

program switch that ^verns ^eetric clock having an 

accuratefj^controlled speed. Such equipment ensures umform.ty m the 
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temperature of heating and in the time of holding the milk at the pasteur¬ 

izing temperature. 
With one system of automatic control the milk is drawn into the tanks 

by vacuum and forced from them by filtered air under pi essui e. d he 
automatic features are so timed that with the four-tank setup one tank 
is filling, another is ready to hold, the third has been held 15 minutes, 
and the fourth is being emptied. Operation is continuous, for the tanks 
are refilled in regular order until the entire milk supply has been processed. 
In another system the hot milk is pumped into the holding tanks when 

I‘ig. 95. Battery of holding tanks equipped for regenerative heating and cooling 
(capacity 38,000 pounds per hour). (A) Milk heater; (B) one of a battery of holding tanks- 

(O milk-to-milk regenerator; (D) cabinet milk cooler; (E) accumulator vat for cooled 
pasteurized milk; (F) milk-bottle fillers. 

filling; and as the milk leaves the tanks by gravity, it is pumped over the 
coolers. 

One important feature of this system of holding is its flexibility both 
as to the operating capacity of a given installation and as to increasing 
the capacity of the plant, for more tanks can be added when additional 
capacity is needed. Table 66 shows the number and sizes of holding 

tanks used and the pasteurizing capacity of plants with different 
combinations. 

Th^rnTphi^Sa'l0nS Capacity are commonly used. 
The U.S. 1 ubhc Health Service specifies that milk in holding tanks 

of , h° nSuatei? throu^out the holding period unless the lowest portion 
each holder is provided will, or is in contact with a jacket throne-1, 

which ,s circulated a heating medium thermostatically controlled 

Agitators for automatically controlled tank holders are available that 
operate only during the holding period and are idle dTring filUng and 
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emptying. Thus, there is no whipping or splashing to create foam when 
the milk level is even with the agitator. 

Table 66.—Sizes of Holding Tanks and Pasteurizing Capacities with 

Different Combinations 

Number of tanks 
Size of each tank, 

U.S. gal. 

Pasteurizing capac¬ 
ity, maximum lb. 

per hr. 

Filling time each 
tank, min. 

4 100 3,400 15 

5 100 5,100 10 

6 100 6,800 7.5 

3 200 3,500 30 

4 200 7,000 15 

5 200 10,000 10 

6 200 14,000 7.5 

3 300 5,000 30 

4 300 10,000 15 

5 300 15,000 10 

6 300 20,000 7.5 

When the continuous system of pasteurization is used and opeiation 

is continued throughout the day, difficulty may be encountered from the 
growth of thermophilic bacteria in the system. This condition, if it 

develops, can usually be controlled by better methods of cleaning and 
sterilizing the equipment. One operator of a large pasteurizing plant has 
followed the practice, when thermophilic organisms become establis e , 
of discontinuing pasteurization in the middle of the run while t e 
employees are at lunch and washing and sterilizing the equipment before 

Tests to Determine Accuracy of Continuous-flow Holders. T 
holding time of tubular and tank-type holders cannot be accurate y 
checked with a watch as is possible with vat and Jacket-type holder, 

Several tests may be used to determine whether milk is being held t 
full 30 minutes. Methylene blue, chloramine, uramn, or starch lod'de 

may be prepared in water solutions and pumped through the holdei , 

theS%1ZipuSHreaaltheService. proposes the following method of 

testing when methylene blue, chloramine, uranin, or starch solut.ons 

are used: 

The inlet of the holder is drilled to receive a 

cock. A large veterinary-type syrmge, ""’Unrated soTution of 

nmthyhuTblue, Chloramine, uranine (Win), or starch, and the syringe 
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pressed into the petcock opening. In making the injection the petcock is opened 

the syringe discharged, and the petcock closed again. The solution is injected 

after the installation is in smooth operation with water at the pasteurizing 

temperature in lieu of milk. The time of beginning injection must be observed 

accurately. 
Twenty-five minutes after the solution has been injected the taking of samples 

at a petcock installed at the outlet end of the holdbr is begun and continued at 

30 second intervals. (For high-temperature short-time pasteurizers the holding 

time is determined in the same manner, except that sampling is begun 10 seconds 

after the solution has been injected and continued at intervals ol 1 second.) 

These samples are observed or tested for the presence of methylene blue, chlor¬ 

amine, uranine, or starch. The difference in time between injection and the 

appearance at the effluent end is the observed holding time. 

THE REGENERATIVE SYSTEM OF HEATING AND COOLING MILK 

The regenerative system of pasteurization used in the dairy industry 
consists in an exchange of heat between the hot pasteurized and the cold 
raw product. When it is accomplished by means of a heat-exchange 
surface with cold raw milk on one side and hot pasteurized milk on the 
other, it is designated “milk-to-milk” regeneration. 

Regeneration may also be accomplished by water passing through a 
heating section, then through a cooling section in a continuous circuit. 
This is known as “ milk-to-water-to-milk ” regeneration. The percentage 
of heat saved by this method is less, for there are two transfers of heat, 
with consequent losses. 

The principle of regenerative heating of milk is shown diagram- 
matically in Fig. 99. 

Plate-type and double-tube heaters, if used for milk-to-milk regener¬ 
ative heating, should be operated with the pressure of the pasteurized 
milk somewhat higher than that of the raw milk in order to eliminate the 
possibility of contaminating the pasteurized milk with the raw in case 
flaws develop in the metal or in the joints or gaskets separating the two. 

With the milk-to-water-to-milk regenerators, likewise, the heat-transfer 
medium should be kept under higher pressure than the raw milk. This 
is accomplished with certain equipment by sucking the cold milk through 
the regenerator with a sanitary rotary pump that has its suction at the 
outlet of the regenerator. This device draws the raw milk into the 
regenerator at a vacuum of about 6 inches; thus, the raw milk is kept at a 
lower pressure than the pasteurized milk. The pump then forces the 

milk under about 20 pounds pressure through the primary heater, final 
heater, holding tube, and precooler. 

The milk-to-milk regenerator requires less equipment and secures the 
gieatest economy. In commercial plants, milk may be preheated 70 per 
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cent of the heating requirement with the milk regenerative system and 
about 50 per cent with the water regenerative system. 

Regenerative heating and cooling of milk are most efficiently applied 
to the high-temperature short-time method of pasteurization, for here 
the milk-to-milk heating and cooling are possible throughout the process, 
whereas with the holding system no hot milk is available for approxi¬ 
mately 45 minutes at the beginning of the run, and no cooling effect from 

regeneration for a similar period at the end. 
Regenerative heating and cooling make the tank holder system more 

efficient during a longer period of operation. Hence, regeneration is 

usually recommended only for continuous runs of 6 hours or more. 
The following calculation illustrates the energy saved by the regener¬ 

ative pasteurization of milk with the holder system. The figures repre¬ 
sent savings possible only under the conditions specified. To arrive at 
similar costs with different conditions would require the substitution of 

the data secured from the different operating conditions. 

Calculation of Savings in Energy by Regenerative Heating and 

Cooling oi Milk with the Holder System 

Example.—Milk flow, 12,000 lb. per hr.; 6-hi. lun 

Held milk on 142°—off 60°F. Difference 82. 
Efficiency = 8Ko2 = 80 per cent 

Raw milk in 40°—out 120°F. Difference 80. 
Efficiency = 8%02 — 78 per cent 

Total dif¬ 
ference 102 

The steam saved by regeneration is that required to heat 12,000 

pounds per hour through 80° for 5H hours. (There is no hot pasteurized 

milk available for regeneration for the first 40 minutes.) 

Steam saved, 12,000 lb. X 77° X 5H hr. 
5,120,000 B.t.u. 5?120 lb. steam 

— 1,000 B.t.u. per lb. steam 
5,120 v n .a _ ©o ns 

Saving 40 cents per 1,000 pounds steam - X 

7s*r if?s? sr 
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Saving of water, 

12,000 lb. X 2 X 5^ hr. X 0.8 cent 

1,000 
$1.02 

On the basis of only 65°F. water available, cooling milk to 75°, the fol¬ 

lowing saving would be effected by regeneration cooling the milk 15° 

further to 60° (there is no cold raw milk for cooling the last 40 minutes): 

Refrigeration saved, 12,000 lb. X 15° X 5.333 hr. = 960,000 B.t.u. 

Using an average cost of $1.00 per ton per 24 hr. (288,000 B.t.u.). 

Saving of refrigeration, 2gg QQ^ X 1.00 = $3,333 

Total daily saving, steam 2.05 -f water 1.02 + refrigeration 3.33 

= $6.40 per day 

Annual saving, $6.40 X 365 = $2,336.00 

Pasteurizing Plant Operated with Regenerative Heating and Cooling. 

A modern installation of a continuous-flow holding-vat system of pasteur¬ 

ization in which regenerative heaters and coolers are used is illustrated 
in Fig. 91. 

The installation has a capacity of 35,000 pounds of milk per hour. 

T he cold raw milk, from the storage tanks on the floor above, flows by 

gravity over the two surface regenerators (1), which heat the milk from 

40 to 120°F. It is then forced, by piston pumps, through four large 

filters (2) and on through double-tube heaters (3), which raise the tem¬ 

perature to 143.5°F. The milk flows from the heaters into the milk- 

mlet loop (5) that connects with the top of each vat. The inlet loop is 

so designed that all incoming milk is free to circulate through the loop, 

an arrangement that prevents pockets where the milk would cool below 

the required temperature for pasteurizing. The inlet valves in the loop 

open automatically every 6 minutes to one of the seven vats in the 

senes (6). This provides for a 6-minute filling time for each vat The 

vats are equipped with small paddles that agitate the milk during 

the holding period. Hot water at 144°F. is circulated in the jacket 

liT/i r any dr°P in the temPe™t”e of the milk during 
I ■ 'ngprd' J U; vats are also e<l>iipped with insulated covers 

are ^LZLT * 

which 
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large as well as small milk plants. When this method was first adopted, 

bottles of raw milk were tightly sealed with special caps, immersed in 

hot water for heating, and finally placed in cold water for cooling. This 

involved a large amount of labor. Later, cases of milk bottled with 

ordinary caps were placed in a small room, metal cups were inverted over 

the bottles, and hot and cold water was sprayed over the bottles for 

heating and cooling the milk. The metal cups prevented the cooling 

water from being drawn into the bottles by the vacuum created when the 

milk in the bottles contracted during cooling. At one time, this pro¬ 

cedure was considered ideal by many milk-control officials because the 

milk was not exposed to contamination after it had been heated. 

This method of pasteurization is now, however, little used. The 

costs of steam and refrigeration are too great, for the process involves 

the heating and cooling of the glass bottles and cases as well as the milk. 

More labor is required and an oversize bottle must be used to allow for 

the expansion of the milk during heating. During cooling, the milk 

contracts, leaving an air space in the bottle, because of the difference in 

volume between the hot milk during pasteurization and the cold milk 

after cooling. Since modern pasteurizing equipment has been so much 

improved in respect to sanitary construction and automatic opeiation, 

there has been little demand for pasteurizing milk in the bottle. 

HIGH-TEMPERATURE SHORT-TIME PASTEURIZATION 

The first commercial pasteurization of milk in the United States con¬ 

sisted of heating near 160°F., holding momentarily at that temperature, 

and then cooling rapidly. This was known as “flash” pasteurization. 

The method was soon condemned by public-health officials because proper 

control of the process at that time seemed impossible. The development 

of efficient milk heaters and of sensitive control devices during the past 

few years has again revived interest in high-temperature short-time 

metAccording to the Public Health Ordinance, high-temperature short- 

time pasteurization may be acceptable when the process mcludes the 

heating of every particle of milk or milk product to at least 160 F. a 

holding it at that temperature or above for not less than 15 secon s 

of the c“ 

bacteria, including Mycobacterium tuberculous, are destroyec^0,e 

than phosphatase over all ranges of of patho- 

STbSS: neAgcaco^inPg0toPBurgwald and Giberson * all phosphatase 
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tests run on commercially pasteurized samples of milk at 160.5°t. for 

16+ seconds gave negative readings. 
From tests conducted by the Chicago Board of Health, KreugeiJ 

concluded that 160°F. for 15 seconds was sufficient treatment for proper 

pasteurization. . 
Dotterrer6 has reported that the plate counts of milk pasteurized by 

the high-temperature short-time method do not differ significantly from 

those prepared from the same milk pasteurized by the holding method. 

Fig. 96. Iligh-temperature short-time pasteurizing unit of a capacity of 1,500 pounds 
of milk per hour. (A) Plate-type heat exchanger with three sections: one for regenerative 
heating and cooling, one for final heating, and one for final cooling; (B) overhead type of 
pipe line holder approved by the Pennsylvania Department of Health; (C) connector 
plates between heating, regenerating, and cooling sections. (Courtesy of York Ice Machine 
ery Corporation.) 

When this method is applied to the commercial pasteurization of 

milk, heating to 161°F. for 16 seconds ensures adequate safety and, 

according to Kreuger, is considered fully as efficient as the holding method 
of heating to 144°F. for 30 minutes. 

“Uk may be heated by any method that raises the temperature 
rapidly to the required degree. Plate and double-tube equipment are 

ommonly used when hot water is the heating medium. In another 
type of installation, the milk is heated by electricity. 

Advantages of High-temperature Short-time Pasteurization.—This 

Thes V Pasteurlzatlon has certain advantages over the holding method 
These have accounted for its adoption by the industry in many localities 
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where it has been approved by state and city milk-control officials. The 

principal advantages are as follows: 

1. Less floor space is required, because holding vats and separate 

coolers are not used. 

2. Less investment in equipment is required. 

3. With the plate and double-tube equipment the capacity may be 

increased by increasing the number of plates or tubes without using 

additional floor space. 

4. Labor may be more effectively utilized with large installations. 

Fig. 
._A plate-heater exchanger showing the construction of the plates. 

Creamery Package Manufacturing Company.) 

(Courtesy of 

5. Milk bottling can start as soon as the pasteunzat ion process begins, 

without the wait of 45 minutes to 1 hour required by the holding method 
6 The heating and cooling sections are located on the same ooi e\ 

and consequently are accessible for cleaning, in plain view of the operator. 

The equipment, being completely closed, can be easily sterilized by pump- 

Tiw‘552 TSA — *- t 
The short period of holding permits the hot m,lk to raise 

of the cold milk throughout the pasteurization pel • 

not be achieved with the holding system, in whuch the hotJi'k 

available for regeneration until it has been held fo. 30 minutes. 
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8. Positive control of the process by means of automatic devices 

ensures proper pasteurization. 
9. The development of thermophilic bacteria during pasteurization is 

not a problem, for the high temperature of heating is not favorable for 

their growth. 
Disadvantages of High-temperature Short-time Pasteurization.—The 

disadvantages of this method of pasteurization vary somewhat with the 

type of heating and cooling equipment used. 
1. With the plate equipment the gaskets around each plate become 

defective and must be replaced. They also require special care in 

cleaning. 
2. With the plate equipment, complete drainage of the milk from the 

system is not possible. The last milk, however, can be forced out of the 
system with water and utilized by passing it through the cream separator, 
as is done with other types of dairy equipment. 

3. With plate equipment when brine is used as a cooling medium for 
milk, there is some loss of brine when the plates are separated for cleaning. 

4. When double-tube heaters and coolers are used, there is a slower 
response to the automatic temperature-control system than with plate 
equipment. 

5. The cost of refrigeration will be slightly greater with high-tem¬ 
perature than with low-temperature pasteurization. 

6. The following statements apply more particularly to the electrical 
method of pasteurization: 

a. The method requires an operator with more ability than the aver¬ 
age man employed in a milk plant. 

b. The electric pasteurizer contains more parts than a vat pasteurizer, 
and these parts must be assembled correctly. 

c. It is difficult to pasteurize cream with a unit adapted to milk 
pasteurization. A special unit has been developed for cream. 

Electric-pasteurizer. A he first modern high-temperature short-time 
pasteurizer developed in the United States was the Electro-Pure 
The smaller type heater consists of a vertical rectangular chamber about 
2 by 2.5 inches in cross section. Two walls of the chamber are flat 
carbon electrodes separated by intervening side walls of plate glass. The 

modern heater is operated with a standard single-phase 220-volt 60- 
cycle alternating current, passed through the milk as it flows upward 

between the electrodes. The electrical resistance of the milk results in a 

itrrtapS.The extent of the heating is reguiated by the ~ 

Figure 98 illustrates the flow of milk through the electric pasteuriser 

gravity HeTe The iTT 'T **“ COnstant-level> or ballast, tank by 
gravity. Here the milk level is controlled by a float, which shuts off the 
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supply if improperly heated milk is diverted into the tank by the flow- 
diversion valve G. From the ballast tank the milk is pumped through 
the heat exchange section, where it is heated to between 110 and 120°F. 
by the outgoing pasteurized milk. The flow continues through the elec¬ 
tric heating chamber J and past the heat controller that regulates the 
electric current. The attained temperature of the milk is governed by an 
automatic variation of the applied voltage in response to a thermal bulb 
placed in the milk stream at the electrode-chamber outlet. The milk 

Company.) 

then passes into the holding chamber and out past the bulbs ol the 
recording and indicating thermometers. Then it enters the flow-divers on 

valve G In case the milk has not reached the proper temperature 
60°F the valve automatically diverts the flow into the ballast tank, to 

be recirculated through the heater. If the milk has been heated suffi¬ 
ciently, the valve directs it through the regenerator sect,™, where it , 

« which it flows to the bottling 

equipment. Either platcontrol 
cooling and regenerative heating. 161°F. 
dial of the pasteurizer is usually 
and to maintain that temperature for 16 secoi • ■ 
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Automatic-control Devices for High-temperature Short-time Pasteur¬ 

ization—The accuracy of high-temperature short-time pasteurization 

depends on control devices that regulate the heating and holding of the 
milk within narrow limits. The later improvements of such control 
apparatus and its dependability have led to the acceptance of t his s}^stem 
of pasteurization by the U.S. Public Health Service. A knowledge of 
the apparatus used and of its operating characteristics is valuable to the 
milk-plant operator and to the control officials. Figure 99 illustrates one 

Fig. 99. Automatic control system for high-temperature short-time pasteurization. 
The heating, regenerating, and cooling sections may be either plate or double-tube installa¬ 
tions. The directions of the hot and cold milk circulation and the heating water are shown 
by the arrows. (1) Reducing valve for maintaining air at a uniform pressure; (2) steam 
capacity chamber; (3) thermometer for indicating temperature of milk as it leaves the 
holder; (4) thermometer for indicating the temperature of water 
section. (Courtesy of Taylor Instrument Company.) 

entering the heating 

system of control as applied to high-temperature short-time pasteuriza¬ 
tion. The following discussion is based on this particular installation. 

Steam Pressure Controller.—A constant water temperature is neces¬ 
sary to heat milk accurately to the required temperature. This purpose 

is accomplished by a steam-pressure controller connected into the steam 
supp y line, where it acts as a reducing valve. Boiler pressures fluctuate 
vu e y m most mrlk plants, because of the varying demands for steam; 

and the steam-pressure controller, therefore, is set to maintain a pressure 
about 15 pounds below the minimum boiler pressure. This gives a 
constant steam pressure for maintaining a constant water temperature 
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The performance of the controller depends upon its ability to detect 

changes in the controlled system and to transfer them to the controlling 

medium. Accurate control depends, therefore, not only on the controller 

itself, but also on the operation of the valves with which it is used. Com¬ 

pressed air is used to operate the diaphragm valves (Fig. 99). 

Milk-temperature Controllers.—The thermal-limit milk-temperature 

controller is installed with its bulb in the milk outlet from the holder, 

and it records the temperature of the milk leaving the holder. It may 

be used with either plate-type or double-tube heaters. It is an air- 

electric-actuated instrument that operates either a flow-diversion valve 

or a milk pump, automatically preventing milk from leaving the holder 

at sublegal temperatures. In case the electric current or air supply fails, 

the flow of milk is stopped or automatically diverted. The control-point 

adjustment is sealed against unauthorized changing or tampering. If 

the temperature falls below the predetermined minimum, the controller 

actuates the valve that releases air from the top of the flow-diversion 

valve, the disk of which moves upward to divert the milk back through 

the heater. The frequency and duration of the flow diversion are 

recorded by the pen on the outer edge of the recorder chart. A second 

pen records the temperature of the milk leaving the holder. Thus a 

record is provided to indicate that diversion took place when the milk 

dropped to a sublegal temperature. 
Flow-diversion Valve—The flow diversion valve is of the three-way 

sanitary type, designed especially for diverting the milk flow when the 

temperature is below the point desired. The valve is operated by a 

pneumatically actuated diaphragm motor. A recent improvement in 

the flow-diversion valve has been the installation of a microswitch on the 

side of the diaphragm-motor top, to prevent the forward flow of milk by 

not allowing the milk pump to start, in case the flow-diversion valve has 

not been assembled properly after cleaning. When the milk leav mg the 

holder is at or above the control point, the solenoid pilot valve is eneigizec 

by closing the circuit in the temperature controller. Air passes throug 

the pilot valve to the diaphragm motor, forcing the diversion-valve disks 

down which closes the bottom and opens the top ports. The flow o 

then in the forward direction. If the milk temperature drops 

below the legal limit, the solenoid valve is deenergized by the opening o 

thedrcuh-i^theinstrument. Air pressure is — 

upward^shutting ohthe forward flow of milk and diverting it through the 

^“t” Possible to control the 

"s in*dP ml —s of an adequate heating surface in heat 
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exchangers, a correct milk-to-water circulation ratio, and temperature- 

controlling devices of the proper sensitivity. 

THERMOMETERS 

Both indicating and recording thermometers should be installed and 

used on each holder in which the holding time is'not automatically con¬ 

trolled. Thermometer equipment may, however, be transferred from 

one holder to another provided that it is in place on each holder through¬ 

out the filling, heating, holding, and emptying periods. Both types of 

thermometers should also be installed and used in both inlet and outlet 

pipes of 30-minute holders in which the milk is brought to the final 

pasteurization temperature before entering the holder anti in which the 

holding time is automatically controlled. 

For high-temperature short-time pasteurizers, both indicating and 

recording thermometers should be installed and used in the outlet of the 

final heating chamber, provided that in installations in which the holder 

is not heated the recording thermometer may be located at the holder 

outlet; in the latter case, however, indicating thermometers should be 

installed at both the heater and the holder outlets, the former for check¬ 

ing the milk-pump stop and the latter for checking the recording ther¬ 

mometer. The bulb of the indicating thermometer should be located as 

near as practicable to the corresponding recording thermometer bulb. 

Recording thermometers for pasteurization apparatus should be 

accurate within 1°F., should be moistureproof, and should have a scale 

range of 100 to 150°F. or, in the case of high-temperature short-time hold¬ 

ing, a range of 150 to 200°F. The charts should be printed with a 1°F. 

temperature scale division between 142 and 145°F. or, in the case of high- 

temperature pasteurization, between 159 and 162°F. 

Checking Accuracy of Thermometers.—The accuracy of all indicating 

thermometers should be checked regularly at the required temperature of 

pasteurization by means of a standardized thermometer. Indicating 

thermometers located on vats may be easily checked by lowering a 

standardized self-registering test thermometer to the position of the bulb 

of the indicating thermometer in the holder while the milk is being agi¬ 
tated during the holding period. 

I'or checking the accuracy of recording thermometers the U S Public 

Health Service recommends that the instrument be adjusted to'read cor¬ 

rectly at some point between 142 and 145°F. or, in the case of 15-second 

pasteurization, between 159 and 162°F. The adjustment is made while 

ratiTTthC’m0mCter ,IS ““““ted with the pasteurization appa- 
ratus, and in agreement with the tested indicating thermometer and 

after a stabilization period of 5 minutes at constant temperature with 

agitation device in operation. A tested indicating thermometer is 
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used as the standard in adjusting the recording thermometer. If 15-sec¬ 

ond pasteurization is used, the adjustment is made when the temperature 

is between 159 and 162°F. The bulb should then be removed from the 

pasteurizer and immersed for not less than 5 minutes in boiling water. 

It should then be immersed for not less than 5 minutes in melting ice. 

The bulb should be again connected with the pasteurizer, and the tem¬ 

perature should be brought to a point between 142 and 145°F. or, in 

15-second pasteurization, between 159 and 162°F., as shown by the tested 

indicating thermometer. The deviation of the recording-thermometer 

reading at this time from that of the indicating thermometer should not 

be more than 1°F. 

The plant operator should use the indicating and not the recording 

thermometer as the index of temperature. He should check daily the 

temperature shown by the recording thermometer against the temper¬ 

ature shown by the indicating thermometer; at no time should the 

recording read higher than the indicating thermometer. 

On installations equipped with a milk-flow stop, the recording ther¬ 

mometer located nearest the stop should have an additional pen arm lor 

entering upon the chart the full record of the time during which the flow 

of milk into the holder is being prevented. 

SPECIAL PRECAUTIONS TO ENSURE THE PROPER PASTEURIZATION 

OF MILK 

Milk may be considered properly pasteurized when all the procedures 

described previously in this chapter are successfully carried out. Certain 

items pertaining to types and installation of fittings and to the care anc 

operation of pasteurizing equipment, however, deserve special emphasis 

Proper cleaning and sterilization of pasteurizing equipment are first 

essentials, to prevent irregular quality of pasteurized milk. II this pro¬ 

cedure is neglected, thermophilic and thermodunc bactena may become 

established. Their presence does not influence the healthfulness 

wholesomeness of the milk, but they do cause high bactena counts which 

e-ive the product an unfavorable reputation. 
8 The use of flush-type leak-protector valves on holder-type P^ eun^r 

is verv desirable. The flush valve is designed to shut oft the milk at he 

bottom of the vat flush with the inside lining. The purpose of the \ a 

is to prevent milk’ from entering the pocket formed in the pipe hne when 

the oLrary type of 

penetrates the holder below the milk level. Thejes ^ ^ 

valve is designed to prevent unhea e< rav between the 
milk in the holder while it is being held. 1 he pipe 
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inlet valve and the holder should be as short as practicable and should be 

sloped to drain. 
Another possible cause of improper pasteurization is the use of equip¬ 

ment or pipe lines having “dead ends,” where hot milk may accumulate 

and cool before it has been held at the pasteurizing temperature long 

enough to destroy bacteria. 
If flush valves and leak-protector valves are used and if the piping- 

leading to the pasteurizer is properly installed, improper pasteurization 

from these causes is impossible. 
When vat-type pasteurizers are used and the milk is bot h heated and 

held in the vat, the agitator should be started at the beginning of heating 

and run throughout the heating and holding periods. If this is not done, 

the milk may be burnt onto the heating surface, a cooked flavor being 

thus produced, and the temperatures of the milk during holding will not 

be uniform. Failure to carry out the process properly may cause low 

killing efficiency of the total bacteria and also endanger the safety of the 

milk should pathogenic bacteria be present. 

Dairy-plant operators should not overlook the necessity of checking 

at intervals the indicator and recording thermometers with a standardized 

thermometer to be sure that the correct temperature is being recorded. 

In certain instances, thermometers have recorded temperatures several 

degrees in error. Such errors may lead to abnormally high counts for 

pasteurized milk in case the temperature indicated is too high or to an 

unnecessary cooked flavor if it should be too low. 

The length of the holding period is of special importance. The full 

30 minutes holding for low-temperature pasteurization is required by 

law throughout the milk industry, and efficient management calls for 

careful checking of the process. There is a temptation, during emer¬ 

gencies, for the employees to shorten the time of holding. It is possible 

to do this without its showing on the recording-thermometer record. 

To prevent possible irregularities from the intentional manipulation 

of recording-thermometer charts, it is a good practice to keep the case 

or chart compartment locked and have the charts changed by the person 

in charge rather than by the employee who operates the pasteurizers 

The recontamination of pasteurized milk should be guarded against in 

every way possible. The processing equipment should be so arranged 

iat such operations as the pumping and filtering of milk will be com- 

faht.v^Tn’ ,’Cr a" after- pasteurization. More contamination 
is likely to originate in pumps and filters than in other equipment in the 

plant because of the greater care required to sterilize them properly 
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any bacteria that entered the milk would remain there in a form that 

would alfect its sanitary quality. After the milk has been heated, it 

should come in contact only with equipment and containers that have 

been carefully cleaned and sterilized. 

Because of the importance of proper pasteurization of milk to public 

health, milk-control officials commonly check the efficiency of pasteuriza¬ 

tion by the phosphatase test. The details of this procedure are described 

in Chap. XXV. 

MUNICIPALLY CONTROLLED MILK-PASTEURIZING PLANTS 

In recent years, several municipally controlled milk-pasteurizing 

plants have been established in Germany and Italy; these are owned 

jointly by the city, the farmers, and the milk dealers. They are reported 

to have resulted from a shortage of milk of acceptable quality or from 

occasional epidemics of milk-borne typhoid fever. 

The larger plants now operating under this plan are located at 

Nuremberg, Milan, and Rome. The price paid to the farmers for milk, 

the spread allowed the pasteurizing plant for processing, the dealers’ 

margins, and the price paid by consumers are fixed by a government 

representative in conference with representatives of the farmer, the 

milk plant, and the dealer. 

1. 

2. 

3. 
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CHAPTER XV 

MECHANICAL REFRIGERATION 

The market-milk industry in its present form would be impossible 

without mechanical refrigeration. Large-scale operation would be 

impracticable if ice were the only source of refrigeration for cold rooms 

and for cooling dairy products during processing. The large distributors 

employ engineers to operate their refrigeration plants, and a well-trained 

man is a good investment. The market-milk plant owner or worker 

should, nevertheless, study the principles and applications of mechanical 

refrigeration. 

Physical Laws of Refrigeration.—Refrigeration is a process for extract¬ 

ing heat from a given substance or space and thus reducing its tempera¬ 

ture below that of the surrounding environment. All substances above 

absolute zero (-460°F.) contain some heat. Heat is a form of energy 

now regarded as due to the agitation or motion of the molecules constitut¬ 

ing the substance. At absolute zero the molecules do not move, and 

substances at that temperature contain no heat. 

As heat is extracted from a substance, the molecules approach each 

other closer and closer. In the gaseous state, they are farthest apart 

and do not attract each other; in the liquid state, they are closer together 

and attract; in the solid state, they are still closer. The properties of 

water make this relation clear. If 1 pound of steam at 212°F. has 970 

B.t.u removed from it, 1 pound of water at 212°F. will be secured. The 

heat removed from the steam is known as the “latent heat of vaporiza- 

tion”—the amount of energy required to keep the molecules in motion 

and far enough apart to prevent attraction between them. During the 

extraction of the latent heat of vaporization the temperature remains at 

,^e mefamcal work of separating the molecules was merely 
absorbed irom the steam as heat energy. 

fa„lf r\heViVhen extracted from the water' the temperature will 
a;- Th,s heat 18 known “ “sensible heat,” and its loss is indicated In¬ 

ti thermometer. Sensible heat is also known as “specific heat,” or the 

lount lequired to change the temperature 1°F. By definition the 

oUhe^F water is 1; and so if 180 B.t.u. are removed from 1 pmrnd 
ot the 212 1. water, the temperature will fall to 22°F 

tion of heat will cause ice to form • and if 144 „ A, _ f traC‘ 

are removed, 1 pound of ice at 32V w l e prod7ce t Tb ,°, 
heat of vaporization, the extraction or 

207 
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fusion (ice formation) takes place at constant temperature. Since the 

specific heat of ice is 0.52, the extraction of 5.2 B.t.u. would lower the tem¬ 

perature of the ice to 22°F. The ice still contains appreciable heat, being 

460° + 22°F., or 482°F., above absolute zero. 

Evidently, then, extraction of heat results in changes of state or in 

lowering of the temperature of the substance. 
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absorbs the heat at too high a temperature. Water maintained under a 
high vacuum will boil at a low temperature, and the latent heat would 
be absorbed at this low temperature. Refrigeration machines have been 
designed to absorb the latent heat of boiling water at a low pressure. 
Such an apparatus, however, is applicable only to large industrial refrig¬ 

eration units. Liquids must be used that absorb their latent heats of 

evaporation at easily attained pressures. 
Systems of Mechanical Refrigeration.—All systems of mechanical 

refrigeration are based on the physical law just described that an 
evaporating (boiling) liquid absorbs the latent heat of vaporization. 
The different commercial refrigeration systems vary in the liquid used 
and in the manner of the absorption. In large plants the most common 
refrigerant is anhydrous ammonia; in dairy-farm systems and in house¬ 
hold refrigerators, sulphur dioxide, methyl chloride, freon 12 (CCLFo), 
or some other liquid with a low boiling point. 

The two principal methods of utilizing the liquids in mechanical refrig¬ 
eration are the compression S3^stem and the absorption system. Because 
the compression system with anhydrous ammonia is now the only one 
common in the market-milk industry, the discussion will be confined 
largely to this method. Other systems are described in engineering books 
on refrigeration.1'2'3 

Properties Desired in a Refrigerant.—The properties desired in a 
refrigerant are as follows: 

1. Ihe boiling point at easily attainable pressures should be lower 
than the temperature required to be maintained in cold rooms, brine 
tanks, or other locations where evaporation takes place. This pressure 
should be above atmospheric in order to avoid the leaking of moisture and 
air into the system. 

2. The liquid should have a high latent heat of vaporization so that 
a large number of B.t.u. will be absorbed per pound of refrigerant 
circulated in the system. When the latent heat of vaporization is 
large, a smaller machine may be used to produce a given amount of 
refrigeration. 

3. The pressure at which liquefaction can take place by coolinir with 
water should not be too high. S 

4. The specific volume of the gas should be low in order that the com¬ 
pressor may pump an appreciable weight of gas with each stroke of the 
Piston. 1 his factor and the latent heat determine the size of the machine 
lor a given capacity. 1 

5. Any toxic gas used should be one that can be detected easily if it 
is escaping from the system. 

Properties of Anhydrous Ammonia.-Certain properties make am 
a the most satisfactory refrigerant for milk plants: 
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1. The boiling point at atmospheric pressure—0 gauge or 14.7 pounds 
per square inch absolute pressure—is — 28°F. One can therefore secure 
a low temperature without maintaining the low pressure below atmos¬ 
pheric pressure and thus prevent air leaks into the system. 

Table 67.—Saturated Ammonia, Temperature Table 

Specific volume, 
cu. ft. per lb. 

Heat con 
tent of 
liquid, * 
B.t.u. 
per lb. Liquid Vapor 

0.02322 24.84 0.0 

0.02333 21.66 5.3 

0.02345 18.96 10.7 

0.02357 16.64 16.0 

0.02369 14.67 21.4 

0.02381 12.97 26.7 

0.02393 11.50 32.1 

0.02406 10.22 37.5 

0.02419 9.114 42.9 

0.02432 8.149 48.3 

0.02446 7.304 53.8 

0.02460 6.562 59.2 

0.02474 5.910 64.7 

0.02488 5.336 70.2 

0.02503 4.827 75.7 

0.02518 4.375 81.2 

0.02533 3.974 86.8 

0.02548 3.616 92.3 

0.02564 3.296 97.9 

0.02581 3.010 103.5 

0.02597 2.754 109.2 

0.02614 2.522 114.8 

0.02632 2.314 120.5 

0.02650 2.126 126.2 

0.02668 1.956 132.0 

0.02687 1.803 137.7 

0.02707 1.663 143.5 

0.02727 1.536 149.3 

0.02747 1.419 155.2 

0.02761 1.314 161.1 

0.0279C 1.217 167.0 

e licmid at -40.0°F is taken as 0.0 

Temper¬ 

ature, °F. 

-40 

-35 
-30 

-25 
-20 

-15 
-10 

- 5 
0 
5 

10 

15 
20 

25 
30 

35 
40 

45 
50 

55 

60 

65 
70 
75 
80 

85 
90 

95 
100 

105 
110 

Pressure, 

lb. per 
sq. in. ab. 

10.41 
12.05 
13.91 
15.98 
18.30 

20.88 
23.75 
26.92 
30.42 
34.28 

38.51 
43.15 
48.21 
53.73 
59.74 

66.26 
73.32 

80.95 
89.19 
98.05 

107.6 
117.8 
128.8 
140.5 

153.1 

166.4 
180.7 
195.8 
211.9 
228.9 
247.0 

Pn assure, 
lb. per 
sq. in. 
gauge 

1.28 
3.60 

6.18 
9.05 

12.22 
16.72 

19.58 

23.81 
28.45 
33.51 
39.03 
45.05 

51.56 
58.62 
66.25 
74.49 
83.35 

92.90 
103.10 
114.10 
125.80 
138.4 

151.7 
166.0 

181.1 
197.2 
214.2 
232.3 

Latent 
heat of 

evapora¬ 
tion 

597.0 

593.6 
590.2 
586.8 
583.3 

579.9 
576.1 
572.4 
568.7 
564.9 

561.0 
557.1 
553.1 
549.1 
544.9 

540.7 
536.5 
532.1 
527.7 
523.1 

518.5 
513.7 
508.9 
504.1 
499.1 

494.0 
488.8 
483.5 
478.0 
472.0 

466.7 

Heat con¬ 
tent of 
vapor, 
B.t.u. 
per lb. 

597.0 
598.9 
600.9 
602.8 
604.7 

606.4 
608.2 
609.9 
611.6 
613.2 

614.8 
616.3 
617.8 
619.3 
620.6 

621.9 
623.3 
624.4 
625.6 
626.6 

627.7 
628.5 
629.4 
630.3 

631.1 

631.7 
632.3 
632.8 
633.2 
633.6 
633.7 

* In this table the heat content of the liquid at 
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2. The latent heat of vaporization, at atmospheric pressure is 588.8 

B.t.u. per pound—a higher figure than for other refrigerants. 
3. The pressure of the gas at 85°F. is 151.7 pounds gauge, or 166.4 

pounds per square inch absolute. This relation is among the most 
important properties of ammonia as a refrigerant, because water may be 

used in the condensers to cool and liquefy the gas. 
4. The specific volume per pound of the gas at 0°F. and 30.42 pounds 

per square inch pressure absolute is 9.114 cubic feet. 
5. Ammonia leaks may be easily detected by placing lighted sulphur 

sticks near the suspected leaks; a dense white smoke is evolved if ammonia 
is leaking from the system. Ammonia is toxic if a concentration of 0.03 
per cent is inhaled for 1 hour. Mixtures of 16 to 25 per cent ammonia in 
air are explosive; but because the odor may be easily detected, ammonia 
is rarely permitted to build up such high concentrations in a confined 
space. 

6. Unless entirely free from moisture, ammonia will corrode brass and 
copper. Because it is practically impossible to exclude all moisture, all 
surfaces coming in contact with the liquid or gas are made of cast iron or 
steel. Recently, aluminum has been used in constructing certain types 
of condenser coils. 

The properties of ammonia that are important in refrigeration are 
shown in Table 67. 

The Refrigeration Cycle. Refrigeration occurs when liquid ammonia 
absorbs its latent heat ot vaporization from an isolated space or substance 
so that it is cooled below the temperature of the surrounding environment. 
The apparatus shown in Fig. 101 could be used to cool brine. 

Howevei, because the vaporized ammonia is allowed to escape and 
because ammonia costs about 20 cents per pound, it must be recovered 
and used many times. This aim is accomplished with a compressor and a 
condenser. Figure 102 illustrates an elementary compression cycle with 
the five principal parts, namely, compressor, condenser, liquid receiver 

expansion valve, and evaporator. The direction of flow of refrigerant is 
shown by arrows. 

The functions of the essential parts of the system are as follows- 
1. Expansion or pressure-reducing valve. The liquid ammonia at the 

higher pressure (about 150 to 180 pounds per square inch gauge pressure) 

E s r— •*« *«. >U9 
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pie, in cold rooms, brine tanks, sweet-water tanks, or air coolers, depend¬ 
ing upon the system desired. The coils should be large enough for the 
amount of heat to be extracted in order that the back pressure may be as 

high as possible. 

Fig. 101.—Schematic refrigeration system illustrating the need for a compressor and a 
condenser to recover the ammonia vaporized in the evaporator coils. 

Water in tel 

Thermometer Head pressure jpermometer 

vBack pressure { nX 

\Xx\s __ 
Cold box, mi Ik cooler 

or brine tank 

Low-pressure side —*U- f^he thermometers inserted 

ot" alue in checking the operation o< the system. 

Condenser 

Compressor 
Liquid receiver 

Liquid ammonia 
'd 'Evaporator Expansion 
Hr ^ T valve 

Thermometer 

. Water 
■ outlet 

'Thermometer 

n '[’Up compressor is merely a specially designed piston 
3. Compressor The compres a ation ^ ^ liquid ammonia m the 

pump, v apor, m | t suction valves into the compressor 
expansion coils, is drawn J a„d heated because 
cylinder, where it is compressed to ^smaller ^ ^ The 

of the mechanical woikexpe l e s0 that it can be liquefied 

condenser. The required pressure . 
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determined by the temperature of the available cooling water. As 
Table 67 shows, if the temperature of the water leaving the condenser is 
85°F. the minimum high, or condensing, pressure is 151.7 pounds per 
square inch gauge pressure. Actually, a slightly higher pressure is 

carried. 
4. Condenser. The compressor forces the ga§ through the condenser, 

where it is liquefied by removal of heat by the water. The water is 
increased from 5 to 15°F. in temperature, depending upon the water rate. 
This rate is determined by the design and method of operation of the 
condenser. Thus, each pound of water circulated through the condenser 

removes 5 to 15 B.t.u. of heat from the gas. 
5. Liquid receiver. The liquefied ammonia then passes by gravity 

from the condenser to the liquid-receiver, or storage, tank, where it is 
held until it is discharged again through the expansion valve and the 
cycle is repeated. 

Types of Equipment Used in Milk Plants.—Although space forbids 
full discussion of all the types of refrigeration machinery used even in 
the market-milk industry, certain practices and trends can be noted. 

Compressors.—Two types of compressor are available: single-acting 
and double-acting. Practically all the modern installations below 50 tons 
refrigeration capacity have single-acting compressors. Installations of 
50 to 150 tons capacity may be found with either single or double-acting 
compressors. The former, however, predominate, for double-acting 
compressors are more applicable where a full-time engineer is employed. 
The tendency with respect to single-acting compressors is toward high¬ 
speed machines directly connected to motors. A particular advantage 
of the single-acting compressor is that the crankcase can be enclosed; 
the piston packing and gland are therefore exposed only to the intake 
pressure of the ammonia gas. This construction makes tight packing 
aiound the shaft less important than with respect to the horizontal 
double-acting compressor. 

The oil used in compressors is very important. It performs two func¬ 
tions: it lubricates the piston, and it makes a seal to prevent gas leakage 

Manufacturers of compressors specify the type of oil best adapted to their 
machine, and only the proper oil should be used. Compressor oil must 

have, besides the characteristics mentioned above, a high flash point for 
it is oi ton exposed to high temperatures. 

The horsepower requirement of a compressor is double the rated tons 
capacity of refrigeration. A 10-ton machine, for example, requirla 
^0-horsepower motor. H b a 

(2) l°etaTtu7eT1:,M T* * C°,UlenSe1' "" a™ilabk: « double-tube, \ ’ ana-tube, and (3) evaporator condenser The doublo „ 
denser resembles the double-tube milk cooler. The altltl^ed' 
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in the space between the outer and inner tubes, and the water flows 
through the inner tube. The countercurrent principle of heat exchange 
is used; that is, the water enters the bottom of the condenser and leaves 
from the top tube, and the hot ammonia gas enters the top of the con¬ 
denser and the liquid ammonia leaves at the bottom. Under this arrange¬ 

ment, the coldest water comes in contact with the coldest ammonia, and 
consequently it is possible to cool to a lower temperature with a given 
water temperature than if this system were not used. Double-tube con- 

Fig. 103. Two vertical 1 one^f the com- 
:s by a common manifold. c , j different back pressures a common 

Sffi cannot ^JToSSU” ^ ' 

densers being more expensive and more difficult to make leakproof than 

- »•« —'“ir: srrjSB-. 
Shell-and-tube condensers are now used J The vertical 

They are provided in two types vertical and horizon ^ ^ 

type consists of several £he water passes through the tubes by 
being enclosed in a steel shel • surrounding the tubes 
gravity, and the ammonia is con principie 0f cooling is not 

and enclosed by the shel . • flow [n the same direction, 
used in this type, for the watei am a ^ ammonia may be cooled 
Good heat transfer is obtained, howey ’ h u water discharged 
to within 4 to 8°F. of the temperatuie ol the g 

from the bottom of the condenser. 
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ser 

Certain advantages claimed for the vertical shell-and-tube conden- 
are as follows: (1) Little floor space is required. (2) The condensers 

may be located indoors or outdoors. (3) Tubes may be cleaned without 
shutting down the compressor. (4) The volume of water flowing through 
the tubes may be greatly increased without appreciably influencing 
the friction head. This type of condenser is used commonly with large 

installations. 
The horizontal shell-and-tube condensers, used for smaller units, are 

known as “multipass” condensers. Each unit consists of a number of 
tubes in a shell similar to that of the vertical shell-and-tube condensers. 
The units are placed in banks one above the other to form the complete 
condenser. The water circulates in the tubes; the ammonia, in the space 
between the tubes and the shell. As with the vertical type, a large con¬ 
denser area is provided on a comparatively small floor space. Unlike 
the vertical type, however, it must be shut down to remove scale, and it 
cannot be very much overloaded except at the expense of power required 
for pumping additional water. 

A newer development in condensers is the evaporator type—an 
ammonia coil wet with water by spray or gravity and provided with a fan 
to accelerate the evaporation of water. The latent heat of evaporation of 
water is used to cool the ammonia; and since 970 B.t.u. are absorbed per 
pound of water rather than 5 to 15 (as when running water is used with 
other types of condenser), much of the cooling water is saved. In prac¬ 
tical operation, this type of cooler requires about one-tenth the water 
required by other kinds of condensers. It is not practical to evaporate 
the water completely, for the salts deposited on the coils or fins will lower 
the rate of heat transfer. Enough water should flow over the coils to 
prevent salt accumulation. Commonly, the water is treated with hexa- 
metaphosphate and sodium dichromate. If the water is collected and 
recirculated over the coils, the only water needed is to replace that lost 
by evaporation. A float control may be provided to maintain the water 
in the collecting tank at a constant level. 

In one large installation, two sets of aluminum coils are used. The 
hot gas passes from the compressor into the first set of coils, which are 
air-cooled.5 This precooling tends to eliminate the baking of precipi- 
lants from the water on the second, or water-cooled, coils. Fans carry 
an through both sets of coils, and a small water pump recirculates the 
water and sprays it upon the coils. 

To be efficient, all types of condenser must be kept clean - any scale 

^ alS° *>" of h.t ZZt 
Water Requirements of Condensers_• 

absorbs heat at low temperatures and rejects it ,o the condenser waterTt 
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high temperatures. Thus, all the heat extracted is eventually imparted 

to the condenser water. If heat could be extracted directly by the water, 

fewer B.t.u. would be involved, for the condenser water of the refriger¬ 

ation cycle must absorb the heat taken up by the refrigerant at the low 

temperature plus the heat equivalent to the mechanical work of the com¬ 

pressor. A 1-ton machine, for example, absorbs 200 B.t.u. per minute at 

the low temperatures, whereas the condenser water must absorb about 

250 B.t.u. per minute (3 gallons per minute per ton refrigeration for a 10° 

rise in condenser water). The normal flow of water through a condenser 

is 2 to 6 gallons per minute per ton of refrigeration. Table 68 shows the 

temperature rise of water at different rates that accompanies the absorp¬ 

tion of 250 B.t.u. per minute in the condenser per ton of refrigeration. 

Table 68.—Relation of the Rate of Flow of Water through Condenser per 

Ton Refrigeration to Temperature Rise of the Water 

Gal. per min. 
V,Tight of water 

per min. lb. 

Temperature rise in 
absorbing 250 B.t.u. 

per min., °F. 

2 16.7 15.0 

3 25.0 10.0 

4 33.3 7.5 

5 41.6 6.0 

6 50.0 5.0 

The amount of water used in the condensers will depend somewhat 

upon the cost of water and its temperature. If, for example, water is 

expensive, as it often is when the city supply is used, it may be economica 

to limit the flow through the condensers to 2 or 3 gallons per minute in 

order to obtain the maximum cooling effect from a given amount of water 

—if a deep-well supply of cold water is available, it may be desirable to 

increase the water rate to 4 or 5 gallons per minute in order to operate at 

‘ lower back pressure. If cooling-tower water is used, one may increase 

‘the water rate to 5 or 6 gallons per minute in order to operate at»[rea*°. 

r ^oi k a nroblem two procedures are available. (1) the use 

a““-i” “,h‘tr“d™ 

jUS Watercoolers are of two types, atmospheric and forced draft. 
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Atmospheric Water Coolers— Atmospheric water coolers are of two 

general classes, ponds and cooling towers. Pond-type systems are used 

for large plants when space is available. Cooling ponds may be either 

lakes (artificial or natural) or spray ponds. In the operation of cooling- 

ponds the hot water is discharged from the condensers at one end of the 

pond, and cold water is drawn from the other, end for the condensers. 

With this system, natural evaporation of the water is used for cooling. 

Spray ponds may be located at ground level or, if space is available, 

on the roof of a building. On a roof, a louver fence should be provided 

to confine the water spray to the pond. In this system, water is sprayed 

into the air, and the surface exposed for evaporation is thus increased. 

Cooling towers are of two types, the spray and the deck type. A cool¬ 

ing tower is located on the roof of a building in a position where the wind 

can strike it. It is enclosed with louver sides to permit air circulation 

and to confine the water within the tower. Since the natural movement 

of air is utilized in evaporating the water, wind velocity is important 

in the successful operation of a cooling tower. If the wet-bulb tempera¬ 

ture is 73°F., an efficient cooling tower should cool the water to 78 to 

79°F. Where the wind velocity is apt to be below 5 miles per hour during 

certain seasons of the year, atmospheric cooling towers are usually less 

satisfactory than forced-draft towers. In regions where the humidity 

is high, evaporator condensers may be more satisfactory for dairy plants 

than either atmospheric or forced-draft installations. 

Forced-draft Towers.—In this type of cooling tower, fans push or pull 

air through the tower in order to increase the rate of evaporation. Two 

types of forced-draft towers are common, wood-filled and spray. The 

purpose of the wood is to provide a large surface for water evaporation. 

Forced-draft towers may be either placed on the roof or located in a build- 

ing. They are entirely enclosed and do not form a mist in the air at 

times, like atmospheric cooling towers. If they are placed in a build- 

ing, the dischaiged air should be conducted to the outside. 

The present trend is apparently toward forced-draft towers for instal¬ 
lations of 10 to 100 tons capacity. 

Automatic Control of Refrigeration.—The operation of a refrigeration 

system in a milk plant should be as automatic as possible; less skilled 

labor will then be required, and more satisfactory refrigeration secured 

Two distinct processes must be controlled in the automatic function¬ 

ing of a refrigeration system: (1) the amount of refrigerant in the evuno 

l ater (that is the refrigerating rate) and (2) the temperature of operation 

SK ■ FOr th- two op-tions, 'several method 2 
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line to control the operating temperature. The thermal-expansion valve 

consists of the valve proper and a bulb filled with a volatile liquid. The 

bulb is usually sealed into or clamped onto the evaporator coil near the 

suction end. Thus the valve regulates the passage of the ammonia 

Irom the high to the low side of the compressor in response to the degree 

of superheat of the vapor leaving the evaporator. The liquid in the bulb 

actuates the diaphragm or bellows in the valve, depending upon the 

mechanism used to operate it, because of changes in the pressure of the 

volatile liquid due to temperature changes in the ammonia gas leaving 

the evaporator. The solenoid valve opens or closes the suction line, 

depending upon the temperature of operation for which it is set. 

2. Another system of control consists of a low-side float valve for 

controlling the amount of refrigerant in the evaporator and a solenoid 

for controlling the temperature of operation. The float ball is located 

in the accumulator of a flooded evaporator and maintains the level of 

liquid by opening or closing the valve on the line supplying the evaporator. 

The amount of refrigerant admitted to the evaporator is therefore con¬ 

trolled by the rate of evaporation. 

3. A third method is to use a float switch for controlling the entrance 

of refrigerant to the evaporator and a back-pressure valve for controlling 

the temperature of operation. The float switch consists of a float ball 

in the accumulator tank of the evaporator and a relay for operating a 

magnetic stop valve in the high-pressure feed line. The movement of 

the ball and arm of the valve in response to the level of the ammonia 

in the tank actuates the relay. This type of control is commonly used 

with direct-expansion surface milk coolers. The back-pressure valve is 

used to control the operating temperature. 
4. A fourth method of controlling the operation of an evaporator is 

the double-pressure valve, a type of control especially useful for direct- 

expansion surface milk coolers. The pressure is varied with the rate of 

milk passing over the cooler by installing a float valve in the bottom milk 

trough which activates the valve on the suction line. If, for example, 

half-pint bottles are being filled and the milk cooled to 33°F., a certain 

ammonia pressure will give the required temperature, depending upon 

the surface of the cooler and the volume of milk passing over it.. If 

quarts are being filled, the rate of milk flow will be increased to keep the 

filler bowl supplied; it would then take a larger cooling surface to coo 

the milk to 33°F. if the ammonia pressure were not changed, t he float 

valve in the milk trough will cause the pressure to be decreased 2 or 3 

pounds, and the same amount of cooling will be secured with the same 

''’"other'controls that may be used for special purposes are switches 

to stop and start the ammonia compressor or to change compressor capac- 

ity if two speed motors are used. 
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Refrigeration Capacity.-The unit of refrigeration is the ton or the 

rate of heat absorbed in 24 hours by 1 ton of melting ice. One, tan of 

refrigeration is then equal to 2,000 pounds X 144 B.t.u. - 288,000 B.t.u. 

in 24 hours. A 1-ton machine will absorb 

288,000 B.t.u. in 24 hours 

12,000 B.t.u. in 1 hour . 

200 B.t.u. per minute 

The capacity of a refrigeration sj^stem is rated at a specified back 

pressure and head pressure. The capacity is decreased if the back pres¬ 

sure is lowered and increased if the back pressure is increased, bigure 

104 shows the relation of back pressure to capacity. 
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Fig. 104. The effect of back pressure on the capacity of ammonia compressors.® 

The change in capacity follows from the change in the weight of gas 

pumped per stroke of the piston; the lower the pressure, the lower the gas 

density. Standard ratings of capacity are based on a suction temperature 

of 5°F. (19.6 pounds per square inch gauge pressure) and a condensing 

temperature of 86°F. (154.3 pounds per square inch gauge pressure). 

In figuring the size of compressor to buy, one should use the capacity 

at the expected operating back pressure, rather than the rated capacity. 

If, for example, a compressor is operated at a back pressure of 5 pounds 

gauge, a machine rated with 10 tons capacity would actually deliver about 

6 tons’ or 1’200 B-Ul- Per minute; if the operating pressure is 30 pounds 
gauge, the capacity of the same compressor would be about 13.0 tons or 
2,600 B.t.u. per minute. 

Factors Affecting Power Costs in Operating Compressors.—The two 

principal factors affecting the power costs per ton of refrigeration are the 
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head pressure and the back pressure. The most obvious factor govern¬ 

ing the necessary head pressure is the final temperature of the cooling 

water. The temperature of the cooling water discharged from the con¬ 

denser is influenced by the temperature of water entering the condenser 

and also by the rate of water flow through the condenser. A second 

factor that can cause an increased head or condensing pressure is the 

presence of noncondensable gases. The system should be designed to 

remove these gases. 

The back pressure required depends upon the necessary evaporating 

temperature of the ammonia. This is influenced by the system used for 

distributing refrigeration and by the type of products processed in the 

plant. If direct expansion only is used for cooling milk and for maintain¬ 

ing the temperature in a milk-storage room, an evaporating temperature 

of 20°F. (33.5 pounds gauge pressure) may be maintained. When the 

indirect or brine system is used, an evaporating temperature of 5 to 

10°F. (19.58 to 23.81 pounds gauge pressure) may be necessary. If ice 

cream is also made, a still lower back pressure will be required to maintain 

the cold temperature required in a hardening room. When evaporating 

temperatures ranging from —10 to 20°F. are required in the same plant, 

one should usually have two or more compressors and operate them at 

different back pressures. 
Methods of Utilizing Refrigeration—Two methods of utilizing refrig¬ 

eration are available, the direct and the indirect system. Each has advan¬ 

tages under certain operating conditions. 

Direct Expansion.—This system of refrigeration consists in evaporat¬ 

ing the liquid refrigerant in the coils in the room to be cooled or in cool¬ 

ing equipment such as milk coolers and ice-cream fieezeis. Undei this 

system, refrigeration is not stored as with the brine system, and refrigera¬ 

tion ceases when the compressor stops. Milk cooling accounts for the 

largest refrigeration load in a milk plant; and since milk coolers are 

operated for only a few hours a day, a larger compressor is required for 

the direct than for the indirect system. The direct-expansion system is 

simpler to install and operate: it requires no brine coolers, brine tanks, 

or brine pumps. If a milk plant is operated on the direct-expansion 

system entirely, two compressors may be used, a large one to operate a 

few hours a day for cooling milk, and a smaller one equipped with 

automatic features for maintaining the temperature in the milk-storage 

Two variations in the direct-expansion method may be used to provide 

for “storing” refrigeration in the cold rooms so that the compressors need 

not operate continuously. These methods are (1) direct expansion with 

brine tanks in the cold rooms and (2) direct expansion with congealing 

tanks In the first system a part of the evaporating cods are submerged 
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in a strong brine, usually calcium chloride The brine is cooled to a low 

temperature when the compressor is operating to furnish ammonia o 

the milk coolers. When the compressor is shut down for a shoi t time, 

Table 69.—Calcium Chloride Brines7 

Degrees 
Baumc 
(60°F.) 

Specific 
gravity 
(60°F.) 

Degrees 
Salometer 

(60°F.) 

Percentage 

CaCb 
by weight 

Lb. each 
per gal. of 
solution 
(approx.) 

Freezing 

point, °F. 

Specific 

heat 

0.0 1 .000 0 0 0 +32.0 1.00 

1 .0 1.007 4 1 ... 31.1 0.99 

2.1 1.015 8 2 30.4 0.97 

3.4 1.024 12 3 0.5 29.5 0.96 

4.5 1.023 16 4 28.6 0.94 

5.7 1.041 22 5 27.7 0.93 

6.8 1.049 26 6 1 26.6 0.91 

8.0 1.058 32 7 25.5 0.90 

9.1 1.067 36 8 24.3 0.88 

10.2 1.076 40 9 1.5 22.8 0.87 

11.4 1.085 44 10 21.3 0.86 

12.5 1.094 48 11 19.7 0.84 

13.5 1.103 52 12 2 18.1 0.83 
14.6 1.112 58 13 16.3 0.82 
15.6 1.121 62 14 14.3 0.815 

16.8 1.131 68 15 2.5 12.2 0.795 
17.8 1 140 72 16 10.0 0.78 
19.0 1.151 76 17 ... 7.5 0.77 
20 0 1 .160 80 18 3 4.0 0.755 
21.0 1.160 84 19 + 1.7 0.74 

22.0 1.179 88 20 - 1.4 0.73 
23.0 1.188 92 21 3.5 - 4.9 0.72 
24.0 1.198 96 22 - 8.6 0.71 
25.0 1.208 100 23 — 11.6 0.70 
26.0 1.218 104 24 4 -17.1 0.69 

27.0 1.229 108 25 -21.8 0.685 
28.0 1.239 112 26 -27.0 0.68 
29.0 1.250 116 27 4.5 -32.6 0.67 
30.0 1.261 120 28 -39.2 0.665 
31.0 1.272 124 29 -46.2 0.66 
32.0 1.283 128 30 5 -54.4 0.65 

the room is kept cold by the brine, 

and the brine is not circulated. 
The brine tank is not insulated, 
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The congealing-tank system resembles the brine-tank system except 

that a weak brine (calcium chloride) is used and part of the water in the 

brine is frozen. More refrigeration can be stored in this way, for the 

latent heat of fusion of the ice is taken up as it melts. The room tempera¬ 

ture will stay practically constant until all the ice has melted. Sufficient 

brine may be frozen to hold the room cold during the night when the 

compressor is not operating. 

The tendency in the dairy industry is to use the direct-expansion 

system of refrigeration wherever possible. 

Indirect System.—Two types of indirect refrigeration are available, 

the brine system and the sweet-water (chilled-water) system. 

Table 70.—Sodium Chloride (Salt) Brines7 

Degrees 
Baume 

(60°F.) 

Specific 

gravity 
(39°F.) 

Degrees 

Salom- 
eter 

(60°F.) 

Lb. of 
salt per 

gal. of 
solution 

Lb. of 
salt per 
cu. ft. 

Percent¬ 
age of 
salt by 
weight 

Freezing 

point, 
°F. 

Speci¬ 
fic 

heat 

Weight 
per 

gallon 
(39°F.) 

1 1.007 4 0.084 0.628 1 31.8 0.992 8.40 

2 1.015 8 0.169 1.264 2 29.3 0.984 8.46 

3 1.023 12 0.256 1.914 3 27.8 0.976 8.53 

4 1.030 16 0.344 3.573 4 26.6 0.968 8.59 

5 1.037 20 0.433 3.238 5 25.2 0.960 8.65 

6 1.045 24 0.523 3.912 6 23.9 0.946 8.72 

7 1.053 28 0.617 4.615 7 22.5 0.932 8.78 

8 1.061 32 0.708 5.295 8 21.2 0.919 8.85 

9 1.068 36 0.802 5.998 9 19.9 0.905 8.91 

10 1.076 40 0.897 6.709 10 18.7 0.892 8.97 

12 1 091 48 1.092 8.168 12 16.0 0.874 9.10 

15 1 115 60 1.389 10.389 15 12.2 0.855 9.26 

20 1 155 80 1.928 14.421 20 6.1 0.829 9.64 

24 1 187 96 2.376 17.772 24 1.2 0.795 9.90 

1 196 100 '2.488 18.610 25 +0.5 0.783 9.97 

26 1.204 104 2.610 
_ 

19.522 26 -1.1 0.771 10.04 

1 Brine system. In this system the evaporators are placed in tanks 

containing brine, and the brine is cooled and circulated through coils 

in cold rooms or cooling equipment such as milk coolers and ice-cream 

freezers. The brine tanks and brine lines must be well insulated to retard 

the temperature to which the brine is to be cooled. In p.act.ce, 
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more concentrated brines are used in order to reduce corrosion. 

69 and 70 list 

brines. 
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Tables 
Iteci Dimes me uscu m uinm - 

the properties of calcium chloride and sodium chloride 

Besides influencing the freezing point of brines, the strength influ¬ 

ences its corrosive tendencies and its specific heat. A strong brine is 

less corrosive than a weak one. As the strength increases, the specific 

heat decreases; that is, less refrigeration is carried per pound pumped. 

The strength of a brine may be determined by a specific-gravity hydrom¬ 

eter, a Baume hydrometer, or a Salometer of proper graduation, T hese 

readings are made at 60°F. The strength of the brine should be deter¬ 

mined at regular intervals, and enough salt added to maintain it. 

2. Sweet-water system. In this system, chilled-water (33 to 34 F.) 

is circulated through milk-cooling equipment. The use of the sweet- 

water system is described in detail in Chap. XVI. 

Maintaining Brine at the Proper Reaction.—Brine may be acid, 

alkaline, or neutral. The slightly alkaline is the least corrosive. Brines 

should be tested regularly for reaction and adjusted with acid or sodium 

hydroxide to secure the correct alkalinity. The testing of brines, 

together with tables showing the amount of acid or sodium hydroxide 

to add per 100 gallons of brine, is described in Chap. XXV. 

Ammonia in Brine Tanks.—Unless the evaporating coils in the brine 

tank are built of welded sections, ammonia may leak into the tank and 

make the brine too alkaline. Chapter XXV describes the testing of 

brine for ammonia. 

Air in Brine.—Air should be excluded from circulating brine because 

of the increase in corrosion that would result from the presence of dis¬ 

solved oxygen. Leaky packing glands on a brine pump are probably 

the most common source of air in the brine. Air, which contains carbon 

dioxide, is also the cause of acid brine. 

Reducing Corrosion by Brines—Because brines are especially cor¬ 

rosive if they are slightly acid and contain air, they are usually treated 

with a compound to inhibit corrosion. Sodium dichromate and sodium 

hydroxide are commonly added to brines as inhibitors. The inhibitor 

is sodium chromate; but because chromic acid is more expensive than 

the dichromate, the latter is used, and enough sodium hydroxide is 
added to produce the chromate. 

Calcium chloride brines are treated with 100 pounds of sodium diehro- 

mate per 1,000 cubic feet of brine. About 27 pounds of sodium hydroxide 

(caustic soda) is also added to convert the dichromate to chromate. 

I he amount of caustic soda required depends upon the reaction of the 

bime. 1 wo hundred pounds of dichromate plus the appropriate amount 

of caustic soda is required per 100 cubic feet of sodium chloride brine 

I he inhibitor is first dissolved in a small volume of warm water and then 
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added slowly to the circulating brine. About one-quarter of the original 
amount of inhibitor must be added each year. 

Organic chrom-glucosates have more recently been used for inhibiting 

corrosion by brines. These are usually added at the rate of 10 pounds 

per 1,000 cubic feet of calcium chloride or sodium chloride brine. 

Besides the regular testing for reaction (pH), brines should be tested 
for inhibitor content. 
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CHAPTER XVI 

THE COOLING OF MILK 

The cooling of milk to prevent bacterial growth has been emphasized 

as an essential factor in producing milk of low count. One function of 

the country receiving stations is, as already mentioned, the cooling of 

milk to a low temperature before shipping it to the city plant. The 

pasteurization process includes the cooling of milk and cream to a low 

temperature immediately after the holding period. The pasteurized 

product is then kept cold until it is delivered. Thus, from the farm to 

the consumer, refrigeration is important. 

Systems for Cooling Milk.—Cooling as well as heating involves the 

transfer of heat. Different types of equipment for heating have been 

described in Chap. XIV; milk-cooling equipment will be described in 

this chapter. Dairy heat-exchange equipment may be classified on the 

basis of agitation or the method of renewing the films of milk and cooling 

media on the exchange surface. These methods are as follows: 

1. Coils, horizontal or vertical 
2. Jackets, with paddle or propeller agitation 
3. Double tubes—gravity or pump pressure to force milk through the tubes 
4. Surface, gravity flow 
5. Plate, pump-pressure flow 

d he first two methods are not suitable for cooling market milk and 

cream because of the effect of agitation on the product, especially at 

temperatures that favor fat churning—60 to 90°F. The agitation neces¬ 

sary to cool the product through this temperature range at a reasonable 

rate is too severe. When coil or jacketed vats are used for heating milk, 

one of the last three methods mentioned above should be used for cooling! 

The countercurrent-flow principle is used in plate and tubular coolers; 

that is, the coldest cooling media are in contact with the coldest product 
being cooled in the equipment. 

Milk-cooling Equipment.—There are four general types of milk 

cooler in use in market-milk plants. The type and size to use vary 

according to the volume of milk to be cooled and the cooling media 

available. It is particularly important that the portion of the cooler 

coming in contact with hot milk be made of noncorrodible metal, for 
most metals are more soluble in warm and hot milk"' 

C°rr,The SUrfT’ 0r externa1’ K'bxlar cooler consist, of a 
senes of connected horizontal sanitary tubes through which the cooline 

medium is allowed to flow. For market-milk plant, the cooLr con^ts 
315 
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of an upper and a lower section. Cold water is circulated through the 

upper section to bring the temperature of the milk to within a few degrees 

of that of the water. The lower section is supplied with refrigerated 

brine, refrigerated water, or direct-expansion ammonia, which should 

cool the milk to the desired temperature. The equipment should be 

installed so that the cooling medium enters the cooler at the bottom 

of the section and flows out at the top. With this type of cooler the 

milk flows in a thin film over the exterior of the tubes. 

Fig. 105.—Stainless steel direct-expansion surface milk cooler. The covers have 
been removed to show the milk flowing over the surface of the cooler. (A) Liquid ammonia 
accumulator; (B) expansion valve; (C) oil trap; (D) liquid ammonia inlet; (E) ammonia 

gas outlet; (F) milk distributing pipe. 

Surface milk coolers in market-milk plants are usually provided tvith 

metal covers to protect the milk and metal from contamination by flies 

and dust. For large coolers the metal covers should be made in sections 

so that they can be easily separated from the cooler for cleaning 

operations. J . 
A small glass window installed in one of the metal sections of the 

cover makes it possible for the operator to observe the flowing over the 

cooler. / In regenerative heating and cooling of milk, the cold raw mi k 

for pasteurization is forced through the upper section of the cooler 

instead of water. The distributing pipes and troughs of surface coolers 

should be made of stainless steel. If they are constructed of tinned 
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copper, the tin will soon wear from the holes and copper will come in 
contact with the milk. The end caps should likewise be of noncorrodible 

Uy Cabinet Cooler.The cabinet cooler consists of a series of sectioqgjFf 
surface coolers installed close together in a vertical position, 
ihimber of sections depends upon the volume of -milk to be cooled. 

The 

One 

of the important features of the cabinet cooler is the small floor space 
necessary for the installation of cooling equipment of large capacity. 

Fig. 106. Cabinet milk cooler. (Courtesy of Mojonnier Brothers Company.) 

The cooling sections are installed on a pipe frame, or they may be 
hinged on one side. In cleaning, the sections may be separated on the 
Irame which supports them from above, or the hinged cooler may be 
opened “fan-shape” in such a way that both sides of each section can be 
brushed during cleaning operations. 

1/Plate-type Cooler.—The plate-type cooler is of the same construction 
and arrangement as the plate-type heater described in Chap XIV Cold 

wateror refrigerated brine is circulated between alternate plates for cooT- 

mg the milk,(instead of the hot water that is used for heating; Brine is 

reported not to cause corrosion of stainless-steel plates when it is removed 
‘ ei each urn and the plates are washed clean each day. The plates are 
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embossed from one piece of stainless steel; and because there are no welded 

sun aces, the plates are more resistant to the action of brine. 

Double-tube Cooler— The double-tube, or internal tubular, cooler 

consists of a series of double tubes. The milk is passed through the inner 

tube which is enclosed by a large tube that serves as a jacket through 

which the cooling medium flows. Milk is not exposed to the air when 

cooled by this method; and since it is a closed system, the milk may be 

pumped through the cooler to storage tanks or to bottling machines 

located on the same floor level. A double-tube cooler is shown in Fig. 91 

(page 2/1). Surface cabinet and plate coolers are now more commonlv 
used. 

Cooling Media.—The cooling media used in coolers depend upon the 

type of cooler and upon the available refrigerating media. 

Water.—Water is usually employed to cool the milk from pasteurizing 

temperature to about 60 to 75°F.; it is then cooled to a lower temperature 

by one of three other media: direct expansion of ammonia, brine, or sweet 

water. In the regenerative system of pasteurization the cold raw milk 

replaces water for the first stage of cooling. Water, the cheapest refrig¬ 

erating medium, may often be used economically to make the milk as cool 

as the design of the cooler and the temperature of the water will permit. 

In discussing the use of water in condensers per ton of mechanical refrig¬ 

eration, it was pointed out that about 250 B.t.u. from water is required to 

remove 200 B.t.u. in the evaporating coils. Thus, 25 per cent more water 

is required to cool by mechanical refrigeration than if the water is used 

directly. Therefore, the more heat removed from the milk by water 

directly, the greater the saving of water consumption and refrigeration 

energy. 

The velocity of water through tubes in surface (including cabinet) 

coolers and double-tube coolers normally ranges from 3 to 6 feet per 

second; the volume of water from 3 to 6 times the volume of milk. The 

influence of the water-milk ratio on the final temperature of milk and the 

consumption of water in a surface milk cooler is shown in 1 able 11. 

Table 71.—Influence of Water-Milk Ratio on the Final Milk Temperature 

and Use of Water 

(Data of R. L. Perry1) 

Water-milk ratio, 

lb. per lb. 

Final milk 
temperature, °F. 

Water used, 
cu. ft. 

2 76 52 

3 74 79 

4 73 104 

6 72.5 156 

10 71.0 262 

Water leaving 
cooler, °F. 

98.6 
89.0 
84.0 
78.8 
74.6 
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The cooler was designed to operate with a water-milk ratio of 6 with 

a capacity of 2,000 pounds per hour. The cooler area was • square , 

and the heat transmission coefficient was 250 B.t.u. per hour per square 

foot per degree Fahrenheit. In the experiments reported, 190 gallons 

milk was brought from 142°F. to the final temperature shown in the table. 

According to the data, as the water rate is increased, each pound of water 

must absorb less heat; the result is a lower temperature of the water leav¬ 

ing the cooler and a lower milk temperature. The cooler was designed to 

operate with six times as much water as milk; but the data show that a 

4:1 ratio is probably more economical, for 52 cubic feet less water was 

used and the milk temperature was only 0.5° higher than when the ratio 

was 6. When the ratio was reduced to 2, the milk temperature was 76 P ., 

or 2°F. higher than when the ratio was 3. Reducing the ratio from 3 to 2 

saved 27 cubic feet of cooling water but required that 2°, or 3,040 B.t.u., 

be removed by mechanical refrigeration. 1 his amount of refrigeration 

represents 0.254 ton-hour, which required 0.38 kilowatt-hour for operating 

the compressor and 6 cubic feet of water for operating the condenser. 

The net water saving, 21 cubic feet, was gained at the expense of 0.38 

kilowatt-hour of electric energy. The cost of pumping the 21 cubic feet of 

water would be about 0.16 kilowatt-hour energy. As these figures indi¬ 

cate, it would not be economical to reduce the water-milk ratio from 3 to 2 

in this particular cooler. In the same way the cost of cooling with a water 

ratio of 4 could be compared with that of cooling with a water ratio of 3. 

Similar tests may be made of any milk cooler, to determine the most 

economical amount of water for cooling milk. In one large milk plant the 

most efficient water volume for each cooler was determined under experi¬ 

mental conditions.2 Two valves were installed on the water lines enter¬ 

ing the cooler; the first valve was set to allow a definite maximum flow, 

and the second valve to allow the minimum flow for efficient cooling as 

determined by experiment. In this way the operator could use only a 

certain maximum of water in a given time. 

In many milk plants the water discharged from milk coolers is carried 

away in the drains. Where water is expensive, however, it may be utilized 

for other purposes. It may be cooled in a cooling tower for use in 

ammonia condensers or for cooling milk again or be stored in a reservoir 
and used in bottle or can washers. 

Direct-expansio7i-ammonia Milk Coolers.—Stainless-steel surface milk 

coolers are considered unsatisfactory when brine is used for cooling 

because they tend to corrode under practical plant conditions, where it is 

usually difficult to maintain the brine consistently in a slight alkaline 

condition and free of air. Direct expansion is now used almost entirely 

for this type of cooler. Automatic controls, previously mentioned, may 

be installed to regulate the cooling of milk to the desired temperature 
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\\ here these are used and where the cooling surface is sufficient, milk mav 

be cooled to 34 or 35°F. without danger of freezing on the cooler, for the 

ammonia pressure is changed with the rate of milk flow. Cabinet coolers, 

a special form ol surface cooler, are likewise usually refrigerated with 
direct-expansion ammonia. 

In certain cities the compressor must be located on the same floor as 

the evaporator coils; and when direct-expansion coolers are used, the 
compressor must be on the same floor. 

Brine-refrigerated Milk Coolers— Direct-expansion refrigeration is 

rapidly superseding brine for use in surface milk coolers. Its advantages 

have already been mentioned. It cannot, however, be used in coil vats or 

plate coolers and has not been widely utilized for double-tube coolers. 

These require either brine or sweet water, and under certain conditions 

brine is much more satisfactory. 

Plate coolers are generally used in regenerative systems where the first 

cooling is accomplished by the cold milk entering the system and where 

final cooling is done with brine. The brine temperature on entering the 

cooler is usually about 25°F. To avoid freezing milk in the cooler in case 

the flow is stopped, it is convenient to have a second brine system at 34°F., 

which is automatically diverted to the cooler. With this system, milk 

may be cooled to 33 or 34°F. without the possibility of its freezing in the 

cooler. 

If sweet water is used in coils or jackets of vats, the cooling time is 

necessarily longer because the water cannot be delivered to the vat at a 

temperature much below 33°F. When coil vats are used for processing 

buttermilk, the plant usually provides brine even if all other refrigeration 

is by direct expansion. 
The velocity of brine through coils and tubes is ordinarily 4 to 6 feet 

per second, with a 4:6 brine-milk ratio: that is, 4 to 6 gallons of brine 

to 1 gallon of milk. 
Sweet Water Refrigeration—Sweet water (chilled water) is used in 

some milk plants as a cooling medium in milk coolers. The reason for 

using it instead of brine is to prevent corrosion, especially in stainless-stec 1 

coils, jackets, or tubes. The improvements of direct expansion for sur¬ 

face coolers have made the use of sweet water less necessary for this pur¬ 

pose; and because about 50 per cent more cooling, surf ace is required for 

sweet-water systems, large installations usually employ direct expansion. 

Its special application is for double-tube coolers or coil vats when brine 

corrosion is excessive. 
In one system, water is cooled in separate equipment and then cir¬ 

culated to surface coolers, coils, and other equipment. In another sys¬ 

tem water is frozen on the fins of a congealing tank; the cold water is 

then passed over the ice bank before being circulated to the cooling equip- 
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ment. The latter system is more useful in small plants, for a sma com¬ 

pressor may be used to store refrigeration in the form of ice during the 

periods when milk is not being cooled. Since 144 B.t.u. are absorbed for 

each pound of ice melted, the storage tank may be much smaller than 

when brine is used. This system enables the small operator to secure the 

benefits of a noncorrosive cooling medium without maintaining a large 

compressor, as is necessary with direct-expansion surface coolers. In 

addition, it may be used in coils and jacketed vats where the direct- 

expansion system is not applicable. 
When sweet water is used, the pipes leading to the milk coolers should 

be well insulated. The coolers should be located as near the water-cool¬ 

ing coils as possible, to reduce refrigeration losses in t ransmitting the water 

Fig. 107.—Results of cooling milk in 10-gallon cans in cold air. Cold still air is not efficient 
for cooling milk. (California Experiment Station.) 

Cooling Milk with Cold Air.—The inefficiency of still cold air as a cool¬ 

ing medium is shown in Fig. 107. Heat transfer by convection is 

extremely slow when gases are used because of their low density and hence 

low heat content per unit volume. Air is 775 times less dense than water. 

The graph shows that if milk is cooled to 60°F., placed in a 40°F. room, the 

temperature will not reach 50°F. in 12 hours. Milk must be cooled to 

below 50°F. before it is placed in the milk-storage room if bacterial growth 
is to be satisfactorily controlled. 

COLD-STORAGE ROOMS 

A part of the refrigeration load is used to maintain the required tem¬ 

peratures in cold-storage rooms and also to cool products and containers 

that may have been placed in the room at a higher temperature. Proper 

construction and insulation of cold rooms and efficient operation of 

properly designed cooling units aid materially in securing maximum 
efficiency in refrigeration. 

. In^ulation Materials.—Cold rooms must be properly constructed and 
insulated to prevent excessive heat transfer through the walls. Materials 
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with low coefficients of heat transfer are used for insulating cold-storage 

rooms. The thermal conductivity of certain insulating and building 
materials is shown in Table 72. 

Table 72. Thermal Conductivity of Various Insulating and Building 

Materials 

(Adapted from U.S. Bureau of Standards Table3) 

Material Remarks 
Thermal 

conductiv¬ 
ity (C*) 

Density 
(D) per 

cu. ft., lb. 

Air. If no heat is transferred by radiation 
or convention 4.2 0.08 

Pabco woolf. (Redwood bark fiber) 5.12 5.00 
Kapok. Hollow vegetable fibers loosely packed 5.3 4.0 
Mineral wool. Loosely packed 0.5 12.0 

Corkboard. No artificial binder; low density 6.5 6.9 

Insulite. Pressed wood pulp 7.1 12.0 

Mineral wool. Firmly packed 7.1 21.0 

Ground cork. Less than 3d 6 in. 7.1 9.4 

Regranulated cork... About % 6 in. 7.5 8.1 

Corkboard. With bituminous binder 8.4 16.0 

Litbwood. Mineral wool, vegetable fibers, and 

binder 9.1 

Sawdust. Various 9.7 12.0 

Planer shavings. Various 10.0 8.8 

Asphalt roofing. Felt saturated with asphalt 17.0 55.0 

White pine. Cross grain 19.0 32.0 

Oak. Cross grain 24.0 38.0 

Gypsum plaster 56.0 46.0 

* In B.t.u. per day (24 hours) per square foot per inch thickness per degree Fahrenheit difference in 

temperature. 

f Data of J. C. Peebles. 

As the table shows, air has the lowest thermal conductivity of all the 

materials listed. The best heat insulators are apparently those that 

contain the most entrapped air confined in the smallest spaces. Of the 

materials listed, corkboard is the one most commonly used for insulating 

refrigerator rooms in the dairy industry. Being of vegetable origin 

cork is built of minute cells. More than 50 per cent of the volume of 

corkboard consists of air confined in these cells. 
Besides retarding the flow of heat through the walls, an msulat g 

material must resist the penetration of air and moisture. If the air^cel s 

become filled with water, the insulating value is destroyed, foi water is 

a uood heat conductor. If the temperature within the insulating material 

is below 32°F„ the water will freeze; and because water expands upon 

freezing, the wall will disintegrate. The insulating material must be 
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installed so that air cannot reach it. Air contains water vapor; and if 

the temperature in the wall drops below the “dew” po.nt, the water 

vapor will condense, and moisture will collect in the air spaces. 
Vaporproof-fiber insulation and mineral-wool slabs with an asphalt 

binder are also used in the walls of cold rooms. Shredded bark is a less 

permanent but an economical insulating material. If the cold-storage 

box will be used for more than 10 years, however, corkboard, or some simi¬ 

lar material is usually more satisfactory than the cheaper substances. 

Construction and Insulation of Cold Rooms—The cold-storage rooms 

should, if possible, be located in the coolest part of the building, protected 

from the direct rays of the sun. 

The cubical form of room has 

the minimum surface to be insu¬ 

lated, but this form is limited to 

small boxes. Long and narrow 

rooms are least desirable from the 

standpoint of area to insulate, 

ease of air circulation, and evapo¬ 

rator-coil distribution. The 

height of the room depends some¬ 

what upon the cooling system. If 

the bunker type is used, about 3 

feet more headroom is required 

than for unit coolers with fan 

circulation. 

The amount of insulation to 

use depends primarily upon the 

thermal conductivity of the select¬ 

ed material and upon the tempera¬ 

ture to be maintained in the 

cold-storage room. Figure 108 

illustrates the relation of tempera¬ 

ture difference to inches of insulating material with a thermal conduc¬ 

tivity of 8.4 required for economical insulation when the material can be 

sulation to use for conditions described in 
text. (Courtesy of Refrigerating Data Book, 
American Refrigeration Engineers.) 

erected for 17 cents a board foot and when refrigeration costs $1 per ton 
(288,000 B.t.u. in 24 hours). 

This giaph illustrates the principle in insulation of varying the 

amount of insulating material with the temperature difference between the 

surface inside the box and the surfaces outside—that is, of walls, ceiling, 

and floor. If, for example, the cold room is to be maintained at 35°F. 

and the average outside temperature in the summer is 75°F., 4 inches of 

the insulating material will be required. If one of the walls has a south 

exposure, it may well be insulated a little more than if the exposure is 
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northern. If one wall adjoins a cold room maintained at 45°F., 2 inches 

of the insulating material will be required. Should the arrangement of 

the plant require that one wall be adjacent to the boiler room where a 

temperature of 95°F. is common, this wall should receive 5 inches of 

insulation. When planning the amount of insulation to use, one should 

allow for a slight excess rather than the minimum; for insulation once 

installed continues to conserve refrigeration, whereas with inadequate 

insulation the expense of supplying the refrigeration lost through the 

walls remains constant. 

Figure 109 shows the economi¬ 

cal thickness of corkboard insula¬ 

tion for different storage-room 

temperatures. 

As the graph indicates, when a 

room is to be maintained at 35 to 

40°F., 4 inches of corkboard is 

required. Walls insulated with 4 

inches of corkboard have a heat 

loss of about 2.0 B.t.u. per square 

foot of surface per 24 hours per 

degree difference in temperature 

between the two surfaces. 

Careful installation of the 

insulating material is necessary, to 

ensure air- and waterproof walls. 

It is usually advisable to employ 

experienced contractors for this 

Fig. 109.—Thickness of corkboard to 
use for insulating cold rooms held at different 

temperatures.4 

work. Before installing corkboard, one should cover the surfaces with 

asphalt cement or asphalt. The insulation of the thickness required is 

built up of two or more courses with the joints staggered. The backs, 

edges, and ends of the blocks are treated with hot asphalt before 

being set in place and are further secured to the walls with metal or 

wooden skewers or galvanized nails. The insulation should be continuous 

_that is, with no breaks in continuity where walls meet floor, ceiling, or 

other walls. Where loose filler materials such as shredded bark fiber are 

used a waterproof paper should be installed against the outer wall to 

reduce the penetration of air and water vapor. The interior surface 

of the room should be finished with a hydraulic-cement plaster, asphaltic 

compound, or other material that will waterproof the insulating materia 

anVhTfloorofthe cold room should slope toward a drain installed in 

the center of the room or toward the door. If a 
cork plug should be fitted to the size of the opening. When the conciete 
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slab for the foundation of the cold room is being laid, it should be dropped 

below the level of the outside floor to allow for 4 to 6 inches of cork insula¬ 

tion and for 3 inches of wearing floor. 
It is usually more satisfactory to purchase ready-made doors and door 

frames for refrigerators rather than to have them constructed locally. 

For windows in cold rooms, several thickness of glass with air spaces 

between should be used to retard the inflow of heat. 
Refrigerating Systems for Milk-storage Rooms.—Cold-storage rooms 

may be supplied with refrigeration by one of several systems. 1 wo gen¬ 

eral methods are used in milk cold- 

storage rooms: bare coils with brine 

circulation or with direct-expan¬ 

sion flooded ammonia; or unit 

coolers, usually with finned coils 

and fans for air circulation. 

Direct-expansion flooded ammonia 

or brine may be used for refrigera¬ 

tion. The present trend in cold- 

room refrigeration for milk storage 

is apparently toward unit coolers 

with fans for circulation. 

When the first system men¬ 

tioned is used, the coils may be 

placed near the ceiling or along the 

walls. The former arrangement 

secures better air circulation and 

more floor space for storage. The 

bunker shelf below the coils should 

be insulated with 2 inches of cork- 

board to prevent moisture from condensing on the cold surface and to 

prevent “dripping” ceilings. If the direct-expansion system is used, 

brine tanks or congealing tanks may be installed in the rooms to 

supply refrigeration when the compressors are not operating. Fans 

are often used in the rooms, to secure a more rapid circulation of cold 

Fig. 110—Unit 
milk storage rooms. 
Forge Company.) 

fin-type coolers for 
('Courtesy of Buffalo 

air. 

Unit coolers are of two types: (1) those suspended from the ceiling or 

wall and (2) the floor type. Figure 110 shows the first type; Fig. Ill, the 
second. 

The finned coils used in unit coolers provide more surface for cooling. 

1 he fans that biotv the air through the coils with this type of cooler are 

usually installed as an integral part of the unit. When unit coolers are 

used, the rooms are kept drier than when the bare coils with no air circula¬ 
tion are employed. 
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Defrosting of Evaporators.—The frost on evaporator pipes in cold 

rooms is the result of the freezing of the moisture in the air onto the cold 

pipes. Thick coats of frost or ice on the coils act as insulators, reducing 

the refrigeration capacity of the pipes. 

If cold rooms are held above 32°F. by direct-expansion evaporators, 

the pipes may be defrosted by passing the hot ammonia from the com- 

l. 

FIG. 111.—Floor-type fin cooler for milk storage rooms. (Courtesy of Buffalo Forge 
Company.) 

pressor through them for a short time. By this procedure the ice next to 

the coils will be melted and can be scraped off. When this system is use , 

a defrosting line is installed from the high-pressure side o the system to 

the evaporator units. An alternative procedure is to install the co. 

two or more banks, or sections, and defrost one at a time by P^-ng hot 

ammonia through it while the other sections maintain the room at a low 

temperature The high-pressure liquid ammonia condensed in the coi 

SSL may be by-passed through a small expansion valve into 

adjacent coils. Defrosting may be accomplished by spraying brine o, 

water over the coils. When unit coolers with fan circulation an ■ , 
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the evaporators may be run on a defrosting cycle. In this system extra 

banks of coils are installed in order that one may be defrosting while the 

others maintain the room temperature. A self-starter synchronous timer 

operates suction solenoid stop valves on each bank of coils in rotation. 

The time of the cycle is determined by the time required to defrost. If, 

for example, four banks of coils are used, the operation cycle may be set 

for 3 hours; and each bank of coils would then be defrosting 45 minutes 

during the 3-hour period. 

MANUFACTURE OF ICE FOR THE MILK PLANT 

The principal use of ice in the milk plant is to refrigerate bottled milk 

during delivery. During the warmer seasons, 10 to 12 pounds of ice is 

usually placed in each crate of milk. Until recently, the conventional 

method of freezing ice in 300-pound cakes was the only one available. In 

recent years, more convenient and cheaper methods have been developed. 

Three new systems now in use are as follows: 

Flakice.—In this system, ice is formed on the surface of a brine¬ 

refrigerated flexible drum that revolves partly submerged in a tank of 

water from which the ice is made. As the drum is deformed at the top, 

the thin sheet of ice peels off the cylinder and falls into a conveyer leading 

to an insulated storage bin. In large installations the ice is fed from the 

storage bin to automatic machines that ice the cases of milk as they come 

from the bottling room. As the cases pass below the icing machine, 

“electric-eye” controls cause the ice to be automatically deposited in each 

case. Flaked ice to be used for car-bunker icing can be compressed into 

small cylinders about 2.5 inches in diameter and 4 to 6 inches long. 

If the plant is operated entirely on the direct-expansion system, a small 

brine cooler may be used to furnish 10°F. brine to the Flakice machine. 

Flakice machines are available in capacities of 0.5 to 10 tons. 

Pakice. Pakice is made by freezing water sprayed against the inside 

of a vertical barrel refrigerated with ammonia. The ice, scooped off as a 

slush by revolving scrapers, drops into a bin, where the excess water drains 

off into the recirculating inlet. The crystal mass can be placed in sacks 

for icing bottle crates or can be compressed into briquettes for direct icing 

of the crates. A Pakice installation is shown in Fig. 112. The refrigerant 

is evaporated at about 5°F., 20 pounds back pressure for ammonia or 
11.5 lor freon. 

Tube Ice. This product is formed in vertical tubes 1.25 to 2 inches in 

diameter. 1 he long rods are mechanically broken into cylinders of the 
desired length for milk-crate icing. 

Brine Ice.—When a low temperature is desired, as for ice-cream 

metn'g 7 & ^ 8°dium chlorid* brine with a 
6 tm® P°mt “6 * • can be frozen in the units just mentioned. 
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Power Consumption.—The power consumption for the direct freezing 

of ice is about 45 kilowatt-hours per ton. This amount of energy natu¬ 

rally varies somewhat with the operating conditions of the refrigeration 

machines to which the ice makers are connected. Total costs of $1.12 to 

$1.45 per ton have been reported for ice ready for use at the milk-crate 

loading platform.1 

Fig. 112.—Pakice machine (capacity 1 ton). (Courtesy of ViUer Manufacturing Company.) 

THE FREEZING OF MILK AND CREAM 

Milk has a lower freezing point than water because of the dissolved 

constituents, principally lactose and salts. The freezing point of cow s 

milk averages 31.01°F. (-0.55°C.) and is among the most constant ol its 

physical properties. When milk begins to freeze, the water separates as 

ice, and the solids are thus concentrated in the unfrozen portion. The ice 

forms at the surface of the wall of the can or bottle holding the milk, and 

the unfrozen portion exists as a cone in the center. As freezing is con¬ 

tinued more water separates as ice, the liquid portion finally becomes a 

supersaturated solution of certain constituents, and these separate out. 

It takes a very low temperature to freeze milk completely, for only abou 

7K r>or cent will freeze at 14°F. (—10 C.).6 , 
The fat and the casein are the principal constituents affected y rec - 

ine If the milk is stored at a low temperature for some time, the fa 

emulsion is partly broken, and the casein is denatured and precipitate 
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upon thawing. These effects are reduced if the milk is f rozen quickly with 

enough agitation to prevent creaming. Such milk has been stored for 

several months, thawed at 40°F., and found normal in fat emulsion and 

free from precipitated casein.0 
Slow freezing without agitation, such as occurs in cans and bottles of 

milk during transit in cold climates when the milk is not properly pro¬ 

tected, results in considerable destruction of the fat emulsion. Such milk 

will not exhibit normal creaming properties. The milk-plant operator 

should take precautions to prevent milk from freezing in transit or in 

processing, as with freezing on coolers. 

Freezing does not injure the nutritive properties of milk.7 If the fat 

has separated extensively, it may be resuspended by homogenization. 

Frozen cream is not at present an important source of fluid cream. It 

does, however, have considerable application in the ice-cream industry. 

During periods of high production, cream is sometimes frozen and stored in 

cans, to be used in the ice-cream mixes when fresh cream is less plentiful. 

The mix, however, is homogenized; and separated fat is rcemulsified. 

Occasionally, cream is frozen and stored for the regeneration of table and 

whipping cream. Such products, being usually decidedly inferior to 

fresh ones, should be used only in emergencies if the reputation of the dairy 

for high-grade cream is to be maintained. 

The defects in market milk and cream caused by freezing arei (1) 

cream-plug formation in milk and cream, (2) decreased cream layer 

volume on bottled milk, and (3) “oiling” off of cream in hot coffee. 

3. 
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CHAPTER XVII 

THE CREAMING OF MILK 

To the consumer, usually, a large cream volume on bottled milk means 
a high milk-fat content; a small cream volume, a low milk-fat content. 
Dealers, in many instances, have promoted this idea in an attempt to 
secure new business. 

The cream volume of milk, however, indicates the fat content only 
when the normal creaming properties of the milk have not been influenced 
by processing or storage. 

“Normal” Cream-layer Volume of Milk.—The cream layer on bottled 
raw milk is influenced by several factors, the most important being: (1) 
temperature to which the milk is cooled before being set for creaming, (2) 
age of the milk when set for creaming, (3) temperature of creaming, (4) 
time (after cooling) when the cream volume is read. 

These factors must remain constant if comparisons are to be made of 
the effects of processing procedures on the cream volume of bottled milk. 
Dahlberg and Marquardt,1 studying the normal cream-layer volume, used 
the following procedure: Immediately after milking, the milk was cooled 
to 50°F. over a tubular cooler and placed into 100-milliliter graduated 
cylinders in an ice-water bath. It was brought to 40°F. and left at this 
temperature during the creaming period of 24 hours. The cream-layer 
volume observed at the end of the period was recorded. Because the 
milk was contained in 100-milliliter cylinders, the cream volume recorded 
was the percentage cream layer. To establish a unit value foi compaiing 
milks of varying fat percentages, the percentage cream-layer volume was 
divided by the fat percentage. The ratio obtained is called the PC1_ 
centage” cream-layer volume for 1 per cent fat. Dahlberg and Mar¬ 
quardt 1 who determined this value for the milk of Jersey and Holstein 
cows found it to be approximately 4.1 for both breeds. Figure 113 from 
their’data indicates the deviations of the milk of individual cows from the 
average of 4.1. To judge from this result, the cream-layer volume of any 
given milk from an individual cow cannot be predicted. The milk of the 
same animal varied from day to day. Milk from cows advanced in 
lactation may show poor creaming ability because of the higher salt 
content and the smaller fat globules; it may not have a distinct cream line 

aftt\Vhtn milk from numerous cows is mixed and set for creaming, how- 
individual variations tend to cancel out, and such milk 

330 
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approaches the value of 4.1 per cent cream-layer volume for 1 per cent 

fat Table 73 (page 343) illustrates this fact. The use of this value will 

be discussed later in connection with the measurement of cream-layer 

volume of the bottled product. 
The “normal” cream-layer volume of raw milk not properly cooled 

may be restored by reheating momentarily to 135 to 140°F., cooling to 

50°F., and creaming in cylinders at 40°F. In studying the effects of 

processing on the creaming of milk, most investigators use the sample 

with restored creaming property as the control, or standard of comparison, 

rather than the raw milk previously cooled at the farm. This later sam- 

Percenfoige cream layer 
Fig. 113.—The creaming ability of Holstein and Jersey milk, shown as frequency 

expressed in percentages with which these milks gave cream layers of varying volumes 
per 1 per cent of fat.1 

pie, however, may exhibit variable creaming properties due to agitation, 

temperature of storage, and temperature of cooling. Much of the con¬ 

fusion in the results reported in the literature comes from the use of 
improper control samples. 

The Gravity Creaming of Milk—Before the introduction of the centrif¬ 

ugal separator, cream was obtained by being allowed to rise by gravity 

to the surface of milk. The main interest was in the exhaustiveness of 

creaming, for fat left in the skim milk was not available for butter making. 

Today, the interest in cream rising is in the volume that forms on the top 

of bottled milk, rather than in the test of the skim milk. 

The rising of fat to the surface ol milk is a physical process caused 

bv the difference in specific gravity between the fat and the serum. 

Stokes’ law describes the rate of fall of a sphere in a liquid as follows: 

y _ 2r2(df — ds)g 

where V = velocity of sphere 

^ squaie of the radius of the sphere 

N = viscosity of the dispersion fluid 

ds = density of the dispersion fluid 
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df = density of the sphere 

g = force of gravity = 980 dynes 

The equation can be rearranged to describe the rate of rise of a sphere 

whose density is less than that of the fluid, as follows: 

v = 2r2(ds - df)g 
9 N 

When applied to milk, ds = density of serum 

df = density of fat 

Van Dam and Sirks,2 Van der Burg,3 Rahn,4 and Troy and Sharp5 have 

found this formula valid for the rate of rise of individual fat globules in 

milk. As the equation shows, the rate of rise is proportional to the square 

Fig 114—Photomicrograph of milk creaming in a glass chamber The chamber 

to form the cream layer.1 

of the radius of the sphere. The rate of rise of fat globules 3.3 microns 

in diameter, measured by Van Dam and Sirks was I S mil .meters pa 

hour This is much too slow to explain the rapidity with wInch the crea 

layer forms. The conclusion must therefore be that fat clumping to 

produce fat masses of greater buoyancy is necessary to explain the rising 

of cream to form a layer on bottled milk. . . f f - 
Troy and Sharp5 measured the rate of rise of spherical clumps of fat 

at 25°C According to their results, the fat clumps contain about 50 pe. 

It fat; and calculations based on this fat percentage show that Stokes 
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law holds for the rate of rise of the clumps to form cream layers as observed 

The two important factors, then, in cream rising are: (1) the difference 

in specific gravity between the fat and the serum; and (2) the clumping o 

the globules to form more buoyant masses to rise, in agreement with 

Stokes’ law. Troy and Sharp have divided the creaming period into two 

phases: (1) the time required for clumping, and (2) the time required for 

the clumps to rise. 
Clumping of the Fat Globules.—Figures 114 and 115 illustrate the 

formation of clumps of fat globules and their rise in milk to form the 

Fig. 115.—Photomicrograph taken 21 minutes after the one shown in Fig. 114, or A, minutes after cooling.1 The creaming process was completed. Note the distinct line 
of demarcation between the cream and milk layers. 

cream layer. These photomicrographs were obtained by Dahlberg and 

Marquardt.1 Milk was placed in a creaming chamber consisting of two 

glass plates held 1.0 millimeters apart. The photographs were taken 26 

and 47 minutes after the milk was set for creaming in the chamber at 

40°F. 4 igure 115 was taken 7 minutes after the cream line, or line of 

demarcation between the cream and skim milk, became distinct. The 

maximum cream-layer volume is observed in bottled milk, properly 

processed, soon after the cream line becomes distinct. Raw milk slowlv 

coo ec or creamed at 50°F. or higher and pasteurized and agitated milk 

held warm an hour or more usually do not show the maximum volume at 

he time the cream line becomes distinct. Investigators now generally 

bel eve that the clumping or clustering, of the fat globules is the major 

factor in cream rising and the formation of deep cream layers. Many 
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theories, however, have been proposed to explain fat clumping. Since 

none of these has been universally accepted, it seems desirable to outline 

a few of the more current and plausible hypotheses. 

1. Agglutinin Theory of Fat Clumping.—Orla-Jensen6 proposed the 

presence of an agglutinin in milk as a factor in cream rising. Experi¬ 

mentally, he found the factor to be associated with the globulin fraction, 

small amounts of which were found to regenerate the creaming property 

of heated milk provided that the milk had not been heated above 95°C. 

(203°F.). Having observed the clumping process under the microscope, 

he concluded that the agglutinin caused no attraction between the globules 

but only enabled them to stick together when they chanced to meet. He 

further found that a low temperature favored the clumping. 

Sharp and Ivrukovsky,7 more recently, have proposed an agglutinating 

substance in milk that promotes cream rising. Their work indicates that 

at low temperatures, when the fat is in a solid state, the substance is 

adsorbed on the fat globule. Centrifugal separation of such milk yields a 

skim milk low in agglutinating properties. At a higher temperature 

(50°C., 122°F.), when the fat is in a liquid state, the substance is thought 

to be-liberated to the serum. The centrifugal separation of such milk 

yields a skim milk high in agglutinating properties. The two workers 

were able to concentrate the substance in skim milk by physical means as 

follows: Cold milk was separated; the cream was then reseparated hot 

(50°C.) to a higher fat content; the resulting skim milk was especially 

potent in agglutinating properties. 

Sharp and Krukovsky’s hypothesis may be outlined as follows: 

1. The clustering of fat globules is due to an agglutinin in the milk. 

2. The agglutinin tends to be more strongly adsorbed and con¬ 

sequently exerts its greatest action on the solid or semisolid fat globule. 

3. The agglutinin is not adsorbed on liquid fat globules and conse¬ 

quently does not clump them. 
4. The agglutinin is altered or rendered inactive by heating to 

high temperatures. 
This theory would explain the beneficial effect of low-temperatui 5 

creaming on the basis of fat clustering being favored. The harmful 

effects of pasteurizing at high temperatures or of holding milk for a long 

time at lower pasteurizing temperatures would be explained on the basis 

of the time-temperature inactivation of the agglutinating substance. 

Other work reported in the literature, though not specifically men¬ 

tioned as being related to an agglutinin in milk, may well be reviewe . 

According to Palmer, Hening, and Anderson,8 the effect of heat on 

creaming is concerned with its effect on the skim milk rather than on the 

fat Dahle and Jack9 have lately confirmed this observation \ a 

Dam and Sirk»> report that the plasma caused the format,on of the fat 
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aggregates. Van Dam, Hekma, and Sirks10 noted the close analogy 

between the characteristics of clustering of fat in normal milk and that 

produced by blood serum. Hekma and Sirks11 found that the potent 

substance was precipitated with the euglobulin. Rowland12 has recently 

studied the effect of heat on the creaming property of milk. He con¬ 

cluded that the denaturation of albumin and globulin is a major factor 

in reducing the creaming property of heated milk. According to his 

preliminary results, globulin is the iactor, and the reduction in ciearning 

property is proportional to the denaturation of globulin. 

The findings of the different investigators reported in this section 

could be better harmonized if the serum substance that influences 

creaming proves to be some form of globulin. 

2. Electrokinetic Theory of Fat Clumping.—If a particle carrying an 

electrical charge is placed in an electric field, it will migrate to the pole 

that is opposite in sign to the charge on the particle. Fat globules will 

migrate to the anode (positive pole) when placed in an electric field that 

shows them to be negatively charged. To account for fat clumping on 

this basis, several investigators have studied the factors influencing the 

charge on fat globules. This theory, best formulated by Sommer and 

North,13 is briefly as follows: 

1. Fat globules normally have a slight negative charge. 

2. On the basis of electrostatics, like charges repel, and opposite 

charges attract. The negative charges on the fat globules tend to keep 

them apart. Factors tending to decrease the negative charge permit 

the globules to come closer together, whereas factors increasing the nega¬ 

tive charge make it more difficult for the globules to come together and 
to adhere in a clump. 

Many facts observed in the creaming of milk may be plausibly 

explained by this theory. Calcium chloride and ferric chloride reduce 

the negative charges on the fat globules. These salts favor fat clumping. 

Phosphates and citrates increase the negative charge on the fat globules 

and tend to prevent or hinder clumping. Heat tends to increase the 

charge and, according to the theory, should therefore make clumping 

more difficult. This effect is reversible if heating has not been at too 

high a temperature; for the charge decreases when the milk is cooled, 

and normal clumping is established. Sommer and North13 regard the 

adhesiveness of the casein adsorbed on the fat globule as the force that 

holds the globules together once they have collided after the charge has 

been sufficiently reduced to let them approach each other. 

Dahlberg and Marquardt1 have evolved a theory of cream clumping 

based on the effect of calcium ions. They regard the presence of an 

optimum number of calcium ions as essential, to reduce the charge on the 

fat globules and to permit clumping. The effect of beat is explained as 
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due to the irreversible precipitation of calcium ions as calcium phosphate. 

This theory, obviously, is a variation of the electrokinetic theory outlined 

in more detail by Sommer and North. 

Other workers, notably Sirks14 and Dahle and Jack,9 have obtained 

evidence that the electrokinetic theory may not be of major importance 

in explaining cream clumping and hence cream rising. According to 

Sirks’s studies, the electric charge on the fat globules is very low, and its 

magnitude is not correlated with the clumping of fat. Dahle and Jack 

have shown that when whole milk is heated the destruction of the 

creaming property of the milk is paralleled by an increase in the charge 

on the globules. In another series of experiments, they found that when 

the skim milk is heated separately and added to unheated cream to make 

4 per cent milk the creaming of the milk is impaired as the temperature 

of the heating of the skim milk is increased. The charge on the globules, 

however, is not changed. In a third series of experiments, heated 

cream was added to unheated skim milk; and the creaming property of 

the milk was unimpaired, whereas the charge on the globules increased 

with the temperature of pasteurization of the cream. As these results 

show, the electrokinetic potential need not be a major factoi in the 

creaming of pasteurized milk. 
Summary: Theories of Creaming—A study of the foregoing discus¬ 

sion indicates that no fully acceptable theory for the creaming of milk has 

yet been evolved. Holm,15 after reviewing this subject, concludes, 

“The ultimate explanation must lie in an explanation of the conditions 

and forces acting at the fat/skim milk interfaces. This involves the 

study of the specific nature of the substances in milk as well as then- 

adsorption equilibria at the various temperatures. 
The following is the authors’ conception of creaming on the basis of 

the present literature on the subject: The immediate cause for the rising 

of fat in milk is the difference in specific gravity between the fat and the 

serum For the fat to rise, in harmony with Stokes’ law, clumping mus , 

occur. Clumping is largely controlled by the milk plasma The specific 

substance in the plasma may be globulin. The charge on the fat glo >u 

may contribute to the clumping of fat globules but is apparently less 

-tant than the serum constituent or constituents. impori 

EFFECTS OF PROCESSING ON THE CREAMING OF MILK 

The practical application of a knowledge of the factors that influence 

creamtg retires an understanding of how the processing of the milk 

"'"cooling and Temperature of StOT^e^Fa^mpin^u™ most 

"ttnt cream-layer Wumes are to be 
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secured for large fat clumps are associated with deep cream layers. As 

many investigators have shown, raw milk forms the deepest cream-layer 

volume if cooled to 50°F., bottled immediately, and ston'd at 40 b.or 

lower for creaming. For the best results with raw milk, apparently, the 

fat should be semisolid when creaming begins. . 
Pasteurized milk should be cooled to between 35 and 40 F. imme¬ 

diately after the holding process and should be held at this temperature 

until delivery. The freezing of milk on the cooler should, however, be 

avoided, for this partly breaks the fat emulsion and impairs creaming. 

As Baldwin and Combs16 have shown, the decrease in ciearning ability 

of partly frozen milk is due to the manner of thawing. 

The storage temperature is also important in determining the cream 

volume on milk. When milk is stored at 50 F. or above, the cieam 

laver volume is noticeably decreased. 1 his effect is due to the deforma¬ 

tion of the fat clumps, which permits their closer packing in the cream layer. 

Agitation.—The effect of agitation on the creaming properties is 

variable, depending primarily upon (1) the extent of clumping at the time 

of agitation, (2) the temperature at which agitation occurs, and (3) the 

speed or violence of the agitation. 

When the milk is hot and the globules are individually dispersed, 

agitation has little effect on the creaming ability if not violent enough to 

shatter the globules. Pumping hot (120 to 143°F.) milk will usually have 

no influence on the size of the cream-layer volume.17 In determining this 

point, one must take heating and cooling into account by preparing 

control samples to measure their effects separately. 

The deleterious influence of clarification at high temperatures (above 

95°F.) may be explained on the basis of the shattering of some fat globules 

and the consequent closer packing of small clumps in the cream layer. 

The effect of agitating cold milk (50°F. or below) depends on the way 

the agitation influences the fat clumps. Slight agitation may favor the 

formation of larger clumps; the result would be a more loosely packed 

cream layer and consequently a larger cream volume. With more 

\ iolent agitation, the clumps would be disrupted, and a smaller cream- 

layer volume would be secured because of closer packing of the smaller 

fat clumps. It is satisfactory to pump milk at a temperature between 

3b and 50°F. if the milk is to be pasteurized later, for this process will 

restore the creaming ability that may have been harmed by agitation. 

Because of the effect of the previous temperature history, there is no 

specific information on the amount of agitation that such milk may 

receive without influencing the cream-layer volume, as conflicting 

statements in the literature indicate. A good rule is to avoid as much 

as possible the agitation and pumping of cold milk unless it is to be 
D&Stfilirizprl lafor 
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Hot milk (120 to 143°F.) may be pumped to the top of a cooler, and 

the cold milk allowed to flow by gravity into the bowl of the bottling 

machine, without influencing the creaming property. 

Prolonged or excessive agitation after pasteurization should especially 

be avoided between 60 and 120°F. Moderate agitation during the hold¬ 

ing period does not influence the creaming ability. 

If bottled milk does not show normal creaming properties, one may 

investigate the effect of each step in the process by studying samples 

secured before and after each opera- 

The precautions to be ob 

Fig. 116.—Illustrating the length of 

time that milk may be held at various 
temperatures without injury to the 

creaming property. When the data 
were plotted on semilogarithmic scale, 
the time-temperature relations that 

yielded results in cream layer formation 

comparable to 142°F. for 30 minutes 

were, approximately, 145°F. for 13 
utes, 155°F. for 1 minute, and lbO b. 
for 16 seconds.18 

tion. 

served in such an investigation are 

discussed under Measurement of 

Cream-layer Volume. 

Heat.—As many investigators 

have shown, heating milk to 142°F. 

for 30 minutes does not influence the 

volume of the cream layer that will 

form on bottled milk. According to 

some reports in the literature, such 

heating may increase the volume of 

the cream layer. When a raw sample 

of the same milk that was heated 

momentarily to 135 to 140°F. to re¬ 

store its “normal” creaming pro¬ 

perties is used as a standard of 

comparison, pasteurization at 142°F. 

for 30 minutes is found not to in¬ 

crease the cream-layer volume. If 

the raw milk has creamed at the farm 

and is later agitated and reset for 

creaming, its cream-layer volume 

will be decreased; and if pasteurized milk is compared with it, the con¬ 

clusion that pasteurization improves the creaming property will he 

based on faulty procedure. 
Between 142 and 144°F., there is a slight but not a marked decrease 

in the creaming properties; at 145°F. or higher the effect becomes more 

pronounced If the holding period is reduced, the temperature of heat 

mg may be increased without injury to the creaming5»b. >Jy «*“ L 
Marquardt and Dahlberg18 have prepared a graph (Fig. 116) illustiati g 

‘'’^“"Troy »d»' when the cream layer is decreased by 
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layer is increased by closer packing of the smaller clumps. Fadure to 

clump normally may be accounted for in different ways, depending upon 

the theory used to explain the effect. The discussion of these theories 

has indicated some possible explanations. 
Rate of Creaming.—Information on the rate of cream-layer forma¬ 

tion has a practical application to the market-nnlk industry, for it is 

desirable to deliver milk to the consumer when the cream layer is most 

evident. Troy and Sharp5 believe that the creaming time after cooling 

warm milk consists of two periods: (1) the time required for clumping 

of the fat globules and (2) the time required for the clumps to rise after 

they have formed. The first stage is considered to take place within 5 

to 30 minutes in milk properly cooled to a low temperature. The length 

of time for the clumps to rise after they have formed depends largely on 

their size, shape, and compactness. 
Properly cooled milk shows a definite cream layer in the bottle within 

2 to 4 hours after cooling. The cream-layer volume observed at this 

time is approximately at a maximum; later, it slowly shrinks, reaching a 

minimum in about 24 hours. If milk is startl'd on the delivery routes 

within 2 to 6 hours after bottling, the cream-layer volume will ordinarily 

be the most satisfactory upon reaching the consumer. 

Fat Test of Cream Layer.—When the cream-layer volume is at a 

maximum, in milks that exhibit normal creaming properties, the fat 

clusters are loosely packed, with considerable serum between the clusters. 

The upward pressure of the fat, due to its buoyancy, then causes the 

cream layer to decrease in volume. The cream-layer volume tends to 

remain stationary after a 24-hour creaming period at 40°F. If the milk 

has normal creaming properties, the fat test of the cream layer at that 

time is usually 20 to 22 per cent. As Troy and Sharp5 have shown by 

experimentation and calculation, the low test of gravity cream may 

be reasonably explained as being due to the arrangement of the globules 

to form the clumps, and to the spherical packing of the clumps within the 

cream layer. As calculations show, the cream should test about 21 per cent 

fat. The cream will have a much higher fat test than this, however, if 

the creaming properties have been reduced by heat. The skim-milk 

layer in such milk will have a higher fat test than will milk with normal 

creaming properties: it may test 2 to 3 per cent fat. The skim-milk 

layer of raw and pasteurized milk from Holstein and Jersey cows varies 

in the milk below the cream layer. According to experiments of the 

authors,19 bottled mixtures of milk from five Holstein cows contained 

0.35 per cent fat in the milk layer below the cream line, whereas a mixture 

of milk from five Jersey cows contained 0.3 per cent. 

Influence of Standardization on Cream Volume of Bottled Milk_In 

the practical operation of a milk plant, it is desirable to standardize milk 
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to a uniform fat percentage. Standardization should precede pasteuriza¬ 

tion. Experimentally, it has been found that standardization of low- 

testing milk with cream before pasteurization reduces the cream-layer 

volume for 1 per cent fat when the unstandardized milk is used as the 

standard of comparison. Standardizing high-test milk with skim milk 

was found to increase the cream-layer volume for 1 per cent fat.19 An 

explanation has not been evolved; but, on theoretical grounds, Sharp and 

Krukovsky’s7 agglutinin theory of creaming may be helpful. According 

to this theory the skim milk obtained from separating hot milk should be 

higher in agglutinating power than the cream; hence, the effect on clump¬ 

ing would be expected to be increased in the samples standardized with 

skim milk and decreased in those standardized with cream. 

Cream-plug Formation.—Occasionally, a ring of fat is observed adher¬ 

ing to the glass in bottled milk held cold for 2 days or more or kept at a 

higher temperature for a shorter period. The fat usually sticks to the 

cap and to the inner surface of the top of the bottle and remains on the 

glass after the milk has been poured. The fat mass may contain 50 to 

70 per cent fat. This condition resembles the cream-plug formation of 

bottled cream (Chap. XVIII). Severe agitation, which leads to partial 

churning, and the freezing of milk on the cooler, which breaks the fat 

emulsion, are usually responsible for cream-plug formation in bottled 

milk. Such milk or its cream, if added to hot coffee, will “oil off.” 

Clarification at high temperatures (above 95°F.) likewise will cause the 

product to oil off when added to hot coffee. 
Summary.—The maximum cream volumes on bottled milk for a given 

fat percentage may be secured if the following procedures are observed 

in processing: 
1. Raw milk should be cooled to 50°F., bottled immediately, and 

stored at 40°F. or lower for creaming. 
2. Pasteurized milk should be flash-cooled to between 35 and 40°F., 

bottled immediately, and stored between 35 and 40 F. until deliveied. 

3. If the holding method of pasteurization is used, a temperature of 

143°F. and a holding time of 30 minutes are most satisfactory. 

4. Agitation should be avoided as much as possible, especially after 

pasteurization between 60 and 120°F. 
5. The milk should be delivered as soon as practicable after the maxi 

mum cream-layer volume has formed. 

6. The milk should be kept cold during delivery. 

MEASUREMENT OF CREAM-LAYER VOLUME 

Often it is desirable to measure the cream-layer volume of bottled 

milk or to investigate the effect of plant processes on cream-layer volume. 

Several methods have been used. 
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Cylinder or Test-tube Method.-Graduated cylinders, ordinary test 

tubes or special flat-bottom test tubes have been used. Graduated 

cylinders of 100- or 250-milliliter capacity are suitable when only a few 

samples are to be taken. If many samples must be set for creaming a 

one time, special flat-bottom test tubes of uniform diameter are more 

convenient. The International Association of. Milk Dealers’ cream- 

volume tubes with the graduation at a point 200 millimeters from the 

inside of the bottom of the tube may be 

employed.20 The cream-layer volume is 

then read by means of a millimeter ruler. 

The observed reading is divided by 2 to 

obtain the percentage cream volume. If 

the fat test is known, the cream-layer 

volume for 1 per cent fat may be calcu¬ 

lated. The test tubes should be stoppered 

to prevent evaporation and to eliminate 

the possibility of accidentally adding 

water to the tubes from the water bath. 

A rack should be provided for holding the 

test tubes in an ice-water bath during the 

creaming period. 

Measurement of the Cream Volume 

of Bottled Milk.—Often it is desirable to 

determine the cream-layer volume of 

bottled milk. Two general methods are 

available: (1) the use of a gauge and (2) 

actual measurement of the volume of 

cream in the bottle. 

The bottle-gauge method is less satis¬ 

factory than actual measurement; for 

the bottles must be of the same type and size, or a separate calibrated 

gauge must be provided for differently shaped bottles. The gauge (Fig. 

117) is constructed to fit the shape of the bottle neck and shoulder. It is 

more permanent if made of metal, such as sheet brass, although paper or 

other material may be used. The cream-layer volume is determined by 

placing the gauge on the outside of the bottle and reading the cream-layer 
volume in per cent. 

A moie accurate method for measuring the cream-layer volume of 

bottled milk was developed by Harding21 and modified by Ward.22 The 
procedure is as follows: 

1. After allowing the milk to cream in the bottle under standard 

conditions (24 hours at 40°F.), paste a gummed label on the bottle to 

mark the lower level of the cream layer. With a second label, mark the 

Fig. 117.—Gauge for measuring 
the cream-layer volume on bottled 
milk. Graduations in per cent 
cream layer. (Courtesy of Inter¬ 

national Association of Milk Dealers.) 
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upper level of the cream layer. Determine the position of the top of that 

layer with reference to the top of the bottle by removing the bottle cap 
and employing a mechanic’s gauge. 

2. Pour the milk into a container, and remove all the fat by returning 

some ol the milk to the bottle and rinsing. Save a sample for a Babcock 
test. 

3. Rinse the bottle twice with warm water, and drain well. 

4. Measure with graduated glassware the volume occupied by the 

milk below the cream line. 

5. Measure with a graduated burette the volume occupied by the 

cream. 

6. Make calculations as in the following example: 

Volume of milk below cream line = 800 ml. 

Volume of cream = 140 ml. 

Total volume of bottle = 940 ml. 

14^940 X 100 = 14.9 per cent = cream-layer volume 

If the fat test was 3.6, then by formula (normal cream-layer vol¬ 

ume = 4.1 per cent for 1 per cent fat) 

3.6 X 4.1 = 14.76 per cent cream-layer volume for 3.6 per cent milk 

Conclusion: The milk showed a normal cream-layer volume. 

When interpreting the results, one must consider the definition of a 

normal cream-layer volume—that is, the cream-layer volume formed in 

24 hours at a creaming temperature of 40°F. When the creaming period 

is less than 24 hours and/or the temperature other than 40°F., the value 

of 4.1 per cent cream-layer volume for 1 per cent fat cannot serve as an 

index of whether or not the sample in question exhibits “normal” cream¬ 

ing properties. 
Table 73 illustrates the results on successive days when bottled 

pasteurized milk was held 24 hours at 40°F. These results indicate that, 

except for the milk of the third day, normal creaming occurred. The 

slight decrease on the third day may result from variations in the heating 

temperature or from improper cooling. 
One may roughly note the differences in cream-layer volumes of 

bottled milk by lining up the bottles in a row and observing the dept 

of the cream layer. It seems unnecessary to mention that the fat tes s 

should be identical and the shape of the bottles the same ff a true com¬ 

parison is to be made thus. As Trout- has shown, the difference in 

cream-layer volumes of a row of bottles of milk must be at least 8 pe, 

cent to be readily detected. Hence, processes that alter the yearning 

properties of milk by 5 per cent or less are not .important in bottled mil.. 
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T\ble 73.—Cream-laykr Volume op Bottled Pasteurized Milk Processed on 

6 Successive Days1-1 

Sample No. Number of samples Percentage fat 
Cream-layer volume 

for 1 per cent fat 

1 2 4.30 4.08 
1 
9 2 4.10' 4.08 

o 6 4.15 3.82 
o 
4 3 4.40 4.05 

4 4.60 4.03 

6 4 4.45 4.09 

♦Pasteurizing temperature, 142°F., 30 minutes holding period. 
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CHAPTER XVIII 

TABLE CREAM AND WHIPPING CREAM 

Importance of Quality—The milk distributor probably has more 

complaints about cream than about anything else he sells. Often the 

consumer judges a milk plant by the quality of the cream—especially the 

whipping cream. An effort, therefore, should be made to sell only a 

high-quality product. 
As different surveys show, in certain markets 30 to 40 per cent of the 

milk fat sold by dealers is in the form of cream. Since cream is so impor¬ 

tant and, if not properly processed, is subject to many defects, the milk- 

plant operator should understand processing so that complaints may be 

avoided. 
Source of Cream.—The first step in producing a satisfactory table or 

whipping cream is to secure a uniformly high quality supply of raw 

material. The source of the cream will vary with different plants and 

with the same plant during different seasons: (1) If surplus milk is pur¬ 

chased, cream may be secured by separating part of the surplus milk. 

(Factors concerned with this process are discussed in Chap. XII.) The 

milk so separated should be as carefully graded for flavor, odor, and 

bacteria content as is the whole milk purchased for fluid distribution. 

Cream is more liable to develop a rancid flavor than is milk; and milk 

separated in the country plant should be immediately pasteurized if 

experience indicates that the cream will taste rancid before reaching the 

city. Pasteurization will inactivate the lipase enzymes and prevent 

the flavor development. (2) Sweet cream may be purchased for process¬ 

ing. This procedure is less satisfactory because the quality of the milk 

is not supervised by the buyer. (3) Occasionally, stored frozen cream 

must be purchased. Such cream is likely to have poorer flavor and 
whipping quality than fresh cream. 

Features of Table Cream.—The features of desirable table or coffee 
cream are listed below. 

1. Fat content, 20 to 25 per cent 

2. Maximum viscosity for a given fat percentage 
3. No “oiling off” in hot coffee 

4. No “feathering” in hot coffee 

5. No cream-plug formation 

6. Minimum amount of serum or skim milk in bottom of bottle 
7. No visible sediment 

8. Pleasing flavor; no feed, cooked, or oxidized flavor 

345 
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9. No developed acidity- 

10. Maximum ability to color coffee 

11. Low bacteria count 

12. Attractive package 

Preparation of Table Cream.—This list of the desirable features of 

high-quality table cream suggests the necessity of knowledge and 

care. By observing certain procedures, discussed in the following pages, 

one can avoid defects and ensure high quality. 

Separation.—The cream screw or skim-milk screw of the separator 

may be so adjusted that the cream will have a fat percentage only slightly 

higher than that required for the whipping cream; the table cream may 

then be standardized with the minimum amount of whole or skim milk. 

Some plant operators adjust the cream screw to separate table and 

whipping cream to about the desired fat percentages. 

The milk should be preheated before separation; for this purpose, 

double-tube or plate heaters are used. A separating temperature of 90 

to 95°F. is commonly used and is, for cream quality, the most desirable. 

Bottled cream is often observed to have more sediment than bottled 

milk from the same milk plant. Equal care of the cream will eliminate 

sediment; some distributors install a filter between the preheater and 

the separator. 
The cream had best be cooled as it leaves the separator, as a pre¬ 

caution against deterioration in case it is not pasteurized immediately. 

The deterioration consists of bacterial growth and a destabilization of 

the fat emulsion, which increases the tendency to “oil off in hot coffee. 

Pasteurization.—Because of the difficulty of securing high-quality 

raw cream throughout the year, a more uniform product will be obtained 

by pasteurization. Because cream is commonly aged before sale and is 

usually kept longer by the consumer than milk, a higher pasteurization 

temperature is employed. The most satisfactory practice is to: (1) heat 

the cream rapidly to 145°F. with as little agitation as possible; (2) hold 

it for 30 minutes with minimum agitation, and (3) flash-cool i o • 

lower At the end of the holding period, one may lower the temperature 

of the cream in the vat 10 or 20°F. by circulating cold water in the jacket 

or through the coil. This practice avoids prolonged heating and lessens 

the tendency to oil off in hot coffee. . 
Excessive agitation should be avoided throughout Pasteurization 

nrocess but especially at temperatures between 50 and 80 F., where 

partial ’churning of the fat is more likely to occur Coil 

less satisfactory for cooling cream than aie sui a< 
because of the agitation of the cream at temperatures below 80 

Standardization.—Because, as stated above, the fat percentage o 

cream ca" accurately controlled during separation, cream must 



347 
TABLE CREAM AND WHIPPING CREAM 

be standardized to the desired fat percentages. Table cream is of . 

standardized to 25 per cent fat to reduce the tendency lor a skim- mlh 

layer to form in the bottom of the bottle, as is common with 18 to 22 

per cent cream. , 
Whole milk is usually more satisfactory than skim milk for standardiz¬ 

ing cream. The milk or skim milk should be equal in quality and age 

to the cream being standardized. If the volume ol table cream is suffi¬ 

cient to fill one vat, it is preferable to standardize before pasteurization. 

If homogenization is not practiced, less objectionable skim-milk layer 

will form on the bottom of bottled cream if the milk or skim milk used 

for standardization is pasteurized at a high temperature. 

Aging.—Whipping cream is usually aged at a low temperature for 

24 hours before being sold. The aging period is unnecessary with table 

cream, which may therefore be sold the day it is pasteurized. In prac¬ 

tical plant operation, however, table cream is often sold 18 to 24 hours 

after pasteurization. To reduce the tendency to form a skim-milk 

layer in the bottle, the holding period before sale should not exceed 24 

hours. 
Delivery.—Cream must be kept cold during delivery, and the pur¬ 

chaser should be advised to continue to keep it cold. At room tempera¬ 

ture (1) the viscosity is decreased, (2) the tendency to oil off in coffee is 

increased, and (3) cream-plug formation is favored if the processing has 

involved appreciable agitation. 

Homogenization.—For table cream containing at least 25 per cent fat 

and properly processed, there is little need of homogenization. If the 

fat percentage is too low or the processing procedure unsatisfactory, 

however, homogenization will eliminate or reduce the seriousness of 

certain defects. The most common reasons for homogenization are 

that (1) the formation of a skim-milk layer in thin cream is prevented; 

(2) the ability to color coffee is increased; (3) if excessive agitation has 

resulted in the partial churning of fat, homogenization emulsifies the fat, 

and the tendency to oil off in hot coffee or to form a cream plug is thus 

reduced; and (4) the viscosity is increased. 

Homogenized cream may, under certain conditions, “ feather,” or 

curdle, in hot coffee. Two-stage homogenization has been shown to 

reduce this tendency; 1,000 pounds per square inch is commonly used for 
the first stage, and 500 pounds for the second stage. 

Features of Whipping Cream.—The desirable features of good 
whipping cream are listed below: 

1. Fat content, 34 to 40 per cent 
2. High viscosity 

3. Quick whipping to form a stable product 

4. C haracteristics 5 to 12 listed above for table cream 
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Preparation of Whipping Cream.—The methods outlined for prepar¬ 

ing table cream apply to whipping cream. Certain additional rules, 

however, should be followed. (1) Since homogenized cream will not 

whip satisfactorily, cream intended for whipping should not be homo¬ 

genized. (2) The cream should be aged for 24 hours at 35 to 40°F. 

before sale. This aging process solidifies the fat and causes fat clustering, 

and the time required to whip is thus decreased and the stability of the 

whipped product improved. 

DEFECTS OF TABLE CREAM 

In table cream not properly processed, one or more of the following 

defects may develop: 

“Feathering” of Table Cream.—One highly objectionable defect in 

table cream is “feathering”—the coagulation of the cream in hot coffee— 

a condition in which the cream appears as a white mass at the top of the 

cup. Feathering causes considerable annoyance to cream purchasers; 

many consumers erroneously report such cream as sour. Burgwald,1 

the first to discuss this condition, found that acidity of either the cream 

or the coffee and homogenization of the cream at high pressures were the 

most important factors in feathering. 

Tracy and Ruehe2 declared the salt balance of the cream and coffee 

mixture to be another important factor. An excess of calcium or 

magnesium salts in either the coffee or the water increases the feathering. 

Cream high in acidity or high in milk fat is also inclined to feather. 

According to the same workers, the adding of citrates tends to prevent 

feathering; and disodium phosphate or sodium carbonate is also beneficial. 

Doan3 pointed out that the salts act in two ways: (1) They aid in correct¬ 

ing the salt balance. (2) They inhibit clumping of the fat globules during 

homogenization. As Doan,3 Tracy and Ruehe,2 and others have shown, 

cream homogenized at high pressures usually feathers badly, whereas 

two-stage homogenization decreases the tendency. The latter beneficial 

effect is attributed to destruction of the clumps of fat globules formed by 

single-stage homogenization. Webb and Holm4 have demonstrated that 

the dual, or two-stage, process increases the heat stability. Hence, 

feathering appears to be related to the lack of heat stability that accom¬ 

panies fat clumping in single-stage homogenization. Doan3 regards 

feathering as heat coagulation of casein like that observed in the process¬ 

ing of evaporated milk. A difference is noted, however, for evaporated 

milk does not have its heat stability lowered materially by high homo¬ 

genization pressures. This difference is ascribed to the high ratio o 

plasm solids to fat, which prevents fat clumping at any pressure. 

Coffee as a Factor in Cream Feathering.—According to Tracy an 

Corbett,5 some coffees are more liable to cause feathering than others. 
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This difference is attributed to variations in the pH of the brews resulting 

from variations in the soluble acids present m the coffee bean. Brews 

from aged coffee beans had a lower pH and caused feathering oftenei 

than those made from fresh coffee. The degree of roastmg was found to 

affect feathering; the more roasting, the higher the pH of the buw an 

the less the degree of feathering. The method gf brewing—that is, pre¬ 

paring coffee by the boiling, percolator, or dripolator methods—was not 

found important, although slightly more feathering occurred with the 

dripolator. The concentration of the coffee had no definite relation to 

feathering. More feathering may result when the coffee is added to the 

cream than when the cream is added to the coffee. Rapid mixing is 

thought to be the limiting factor. Whitaker,6 studying the feathering of 

evaporated milk in hot coffee, found that prolonged contact ol the brew 

with the coffee grounds increased the soluble ash and increased feathering. 

Templeton7 reports the addition of 2 to G ounces of sodium citrate per 

1,000 pounds of cream to be effective in preventing feathering; it counter¬ 

acts the effect of calcium salts in either the cream or the water used to 

make coffee. Doan3 advises adding the citrate before homogenizing the 

cream. 

Summary.—The feathering of cream may be prevented or minimized 

bv the following procedures: 

1. Salts. Calcium and magnesium salts favor feathering. Coffee or 

hard water is the source of these salts. Sodium citrate, disodium phos¬ 

phate, or sodium carbonate may be added to prevent this defect. Citrates 

are usually preferred. If the cream is to be homogenized, citrates inhibit 

fat clumping and thus reduce feathering. 

2. Acidity. High acidity of the cream or coffee brew should be 

avoided. Coffees differ in their acidities; underroasted or aged coffees 

have lower pH’s and favor feathering. Feathering due to acidity is 

caused by the acid coagulation of the casein, which is accelerated when 

the cream is added to hot coffee. 

3. Homogenization. Homogenization of table cream is often advis¬ 

able in order to reduce the serum layer observed in bottled cream, espe¬ 

cially if low-fat cream is prepared. Homogenization favors feathering; 

the higher the pressure, the greater the defect. The explanation lies 

apparently in the lack of heat stability that accompanies the fat clumping 

caused by homogenization. Dual, or two-stage, homogenization destroys 

the clumps formed in the single-stage process; the heat stability is 
increased, and feathering is decreased. 

Skim-milk Layer in Bottled Cream.—Another defect of table cream 

is the formation of a skim-milk, or serum, layer in the bottom of the bottle. 

1 he consumer associates this condition with poor quality. This defect 

is caused by a “creaming off” similar to the formation of a cream layer 
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on bottled milk. 1 he authors have found that the cream layer formed 

on raw milk, during a 24-hour creaming period, tests 20 to 22 per cent 

fat. Cream containing 20 per cent or less fat will probably “cream” 

somewhat, leaving a visible skim-milk layer in the bottom. When such 

cream is stored for more than 24 hours, the skim-milk layer will be very 

noticeable. 

Doan,8 Mooney and Burgwald,9 and Trout and McCann10 have 

investigated the amount and distinctness of the serum layer in bottled 

cream. Certain factors that favor a small and indistinct serum layer 

cause other undesirable defects. For example, separating at tempera¬ 

tures up to 120°F. tends to decrease the serum layer but also decreases the 

viscosity, thus causing a defect just as objectionable. Pasteurization 

at temperatures up to 165°F. tends to decrease the serum volume but 

makes it more distinct. This process results in decreased viscosity and a 

cooked flavor—two undesirable conditions. Slow cooling after pasteuriz¬ 

ing with considerable agitation increases the amount of the serum layer 

but lessens tlje distinctness. This procedure breaks the fat clumps, and 

some fail to pack regularly into the cream mass and thus obscure the 

transition from cream to skim milk in the bottle. Agitation after aging 

increases the serum layer. It is preferable to bottle cream before aging 

it rather than to age and then bottle. Agitation is harmful because it 

results in another defect—cream plug. 
Standardization of cream with whole milk has, according to Doan,8 

some advantage over that with skim milk in reducing the serum layer. 

Pasteurizing the standardizing material—particularly whole milk at a 

high temperature was found to aid in reducing the serum \ olume and 

obscuring the dividing line between the cream and skim milk. Cream 

should be separated at the desired fat content except when the standardiz¬ 

ing milk is pasteurized at a high temperature. 
Other factors being equal, the amount of serum formed is inversely 

proportional to the fat. As Doan has observed, with 18 to 25 per cent 

cream the defect is common; with 25 to 30 per cent cream, it is generally 

small and sometimes absent; with cream of 30 per cent fat or more, it is 

rare. When observed in high-fat cream, the defect is especially distinct 

because of the low solids-not-fat content of such cream. 

Since the amount of serum layer increases with time, one should not 

hold the cream for more than 24 hours before delivery. 
Homogenization after standardization and pasteurization will el 

nate the defect entirely, and this is one main reason lor homogenizing 

table cream. According to Doan,- pressures over 1,000 pounds are usu¬ 

ally necessary. Two-stage homogenization is preferable, as men 10 
in'connection with feathering. This procedure, however, reduces ^ 

viscosity somewhat as compared with single-stage homogenization. To 
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control serum layer and feathering may, however, be more important 

than to secure the maximum viscosity. 
Trout and McCann10 suggest the addition of 10 to 20 per cent homo¬ 

genized cream to the unhomogenized portion to minimize the volume an 
distinctness of the serum layer. Some cities do not permit homogeniza¬ 
tion of cream, on the theory that the consumer believes he is getting a 

cream of high fat content because of the greater viscosity. 
Gelatin added at the rate of 0.2 per cent will overcome or reduce the 

amount of serum, but such a practice is usually considered adulteration 

and illegal. 
Summary.—Methods of minimizing the serum layer of bottled table 

cream are as follows: 
1. Increase the fat percentage to 25 or more, and sell the product 

fresh. The holding period must not exceed 24 hours. 
2. If standardization is necessary, the standardizing material—prefer¬ 

ably whole milk—should be pasteurized at a high temperatuie. 
3. Homogenization will eliminate the difficulty entirely and with low- 

fat cream is especially desirable. This practice, however, is not legal in 

certain states. 
Cream Plug.—Cream plug is a fatty mass at the surface. Sommer and 

Royer11 report that cream plugs analyzed had fat contents ranging from 
55.4 to 79.8 per cent. Large fat globules or masses of fat due to partial 
churning during processing account for the accumulation of the fat mass 
at the surface. The remedy is to avoid excessive agitation during every 
step from the hauling of the milk to the receiving station to the final 
bottling. Agitation at temperatures where churning is favored (50 to 
80°F.) should especially be avoided. Quick cooling by surface or internal 
tubular coolers results in the minimum agitation. The pasteurization 
temperature should not exceed 150°F. Cream should be pasteurized 
as soon as possible after separation; otherwise, it should be cooled imme¬ 
diately after separation to 50°F. or lower as it leaves the separator. 
Coil vats used for cooling are especially likely to cause cream plug. The 

next defect discussed, “oiling off” in hot coffee, is closely related to cream 
plug; and methods of prevention are similar. 

“Oiling Off” in Hot Coffee.—“Oiling off” refers to the formation of 
oil droplets on the surface of coffee when the fat emulsion has become 

destabilized. The defect is objectionable, also, because more of such 
cream is required to color coffee. Any step in the processing procedure 
that tends to destabilize the fat emulsion will increase this tendency. 

Jenkins and Mack12 have investigated factors related to this problem. 
Conditions influencing the oiling off of cream are as follows: 

’• Mi‘k, pai'tly frozen before separation is likely to cause oiling 
off through breaking of the fat emulsion. 
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2. Separation temperatures above 90°F. favor the destabilization 
of the fat emulsion. 

3. Mechanical agitation before separation is undesirable. 

4. Sepai ation ol cream testing 45 per cent or more decreases the 
stability of the emulsion. 

5. Holding ciearn warm for several hours before pasteurization should 
be avoided. 

Fig. 118.—Cooling cream immediately after separation aids in reducing two defects, 
(1) ‘‘oiling off” of cream in hot coffee and (2) cream-plug formation. 

6. Prolonged holding at the pasteurization temperature before cool¬ 

ing favors fat destabilization. 
7. Cream should be processed in vats filled to at least 70 per cent of 

their rated capacity. 
8. Coil vats, regardless of temperature, increase oiling off. 
9. Heating higher than 145°F. increases this tendency. 

10. Pumping of cream from the pasteurizer to the cooler with a pump 

of too large capacity should be avoided. 
11. Cooling cream in the vat increases oiling off. 

12. Permitting cream to remain at room temperature for severa 

hours before using increases the tendency. 



353 TABLE CREAM AND WHIPPING CREAM 

The causes of the defect indicate the remedies for minimizing or 

over-coming them: , , 
1. Homogenization or emulsification will overcome the defect caused 

by improper processing. A pressure of 500 pounds is usually sufficient. 
2. If homogenization is not practiced, the remedies are: (1) Avoid 

unnecessary agitation at every stage of the process. (2) Heat rapidly, 
and flash-cool. (3) Hold at 145°F. for 30 minutes with slow agitation. 
(4) Encourage customers to hold cream at a low temperature. 

Variations in the Ability of Cream to Color Coffee.—Ability to color 

coffee is an important property of table cream. Customers, especially 
restaurant operators, sometimes complain that the same quantity of 

different creams will not color coffee to the same degree. 
This ability depends upon the number of suspended particles large 

enough to reflect light and hence to produce a whitening effect. The 
fat and the colloidally dispersed material in the solids-not-fat, such as 
casein and calcium phosphate, are the constituents that influence the 

ability to color coffee. 
As the fat content increases, the coloring ability is increased. With 

a given fat content, homogenization increases this characteristic, and the 
effect is greater as the homogenization pressure is increased. This 
effect is due to an increase in the surface of fat reflecting the fight. 

An increase in the solids-not-fat content of cream will likewise 
decrease the amount of cream required to impart a given color to coffee. 

Whitaker13 summarized the factors that increased the ability to 
color coffee: (1) increase in fat content, (2) increase in solids-not-fat 
content, and (3) homogenization. He lists the following factors as not 
influencing this ability: (1) pasteurization by the holder method, (2) 
aging to increase viscosity, and (3) development of slight acidity. The 
reheating and recooling of cream to increase the viscosity (page 354) 
proved to decrease slightly the ability to color coffee. 

VISCOSITY OF CREAM 

Viscosity is among the most important items determining the com¬ 
mercial quality of cream. The customer associates high viscosity with 
high fat content, and within certain limitations he is correct. Because 
creams with the same fat content may, however, vary in this respect 
one must understand viscosity in order to secure the maximum for a given 
fat content The viscosity of a heterogeneous fluid like cream is influ- 
enccd h.v the number, size, and shape of suspended particles. In cream 
the fat globules are primarily associated with the differences in viscosity 
Chief of these factors are the following: 

. /; Fat PercontaSe- The viscosity increases rapidly with an increase 
in fat percentage (Fig. 122). increase 
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2. Size of fat globules. The larger the globules the greater the 
viscosity. 

3. Amount of fat clumping. With a given fat percentage, fat clump¬ 
ing is the most important factor influencing the viscosity of cream. The 
temperature treatment of the cream, the amount of agitation, and the 
time and temperature of storage influence clumping. 

4. Temperature. The viscosity decreases as the temperature 
increases (Fig. 119). 

Practical Control of Cream Viscosity.—1. Fat Percentage.—Since the 
amount of fat in cream influences the viscosity, the fat percentage should 
be appropriate to the purpose—for example, 25 per cent for table cream, 

34 to 40 per cent for whipping cream. 
2. Temperature History of the Milk.—One can influence the viscosity 

of cream by holding the pasteurized milk at 40°F. for several hours and 
warming to 80 to 85°F. for separation. Hening and Dahlberg14 have 
doubled the viscosity by this method. For large operation, however, 

such procedure is not very practical. Lyons and Pyne15 have held pas¬ 
teurized cream cold for a number ol hours and warmed it tor resepaiation. 
These methods are likewise not applicable to large-scale operation. 
Hening and Dahlberg14 have proposed a temperature treatment that will 
be discussed below under the Temperature Treatment for Increasing 

Cream Viscosity. o 
For most practical purposes, cream should be separated at 90°F., 

cooled, and then pasteurized at 145 to 150°F. 
3. Agitation.—Agitation at warm temperatures has little influence on 

the viscosity. Agitation during a long cooling period usually decreases 
viscosity somewhat. Slow agitation at cold temperatures favors fat 
clumping. This procedure, however, is usually unnecessary; flash cooling 

has proved most satisfactory for cream, for thus cream-plug formation is 

less liable to occur. . 
4 Aninq.—Among the most important factors influencing the vis- 

cosity of commercial cream are the temperature and the time of aging 
The 'increase in viscosity is due to the opportunity for fat clumping, which 
is favored by holding at 35 to 40°F. The greatest increase in viscosity 

occurs in the first 24 hours. This is the maximum holding period foi 
table cream because of the tendency for serum separation when the 

holding period is longer. There is no advantage m aging whipping 

CrTeZ«at“r4eatment for Increasing Cream Viscosity.-Raw cream 

40»FW^warmed to 80 to 84°F. in an internal tubular heater in 3 to 
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10 minutes and was again cooled to 40 to 48°F. in an internal tubular 
cooler in the same period of time in which it was warmed viscosity was 
markedly increased. The time and temperature of warming and cooling 
were the principal factors controlling the increased viscosity. Several 
United States and foreign patents have subsequently been granted on 
various features of the process. Weis, Nair, and Fleming16 refer to the 
process as “cream rebodying.” According to these workers, the fat 
phase plays the most important role in the pi o< ess. 

Fig. 119. -Influence of reheating pasteurized cream on its viscosity. 

tural Experiment Station.) 
{California Agricul- 

Figure 119 illustrates how reheating pasteurized cream to different 
temperatures affects its viscosity. The solid line represents the viscosity 
of pasteurized cream ol different fat percentages at temperatures ranging 
from 5 to 20°C. The lines tend to converge as the temperature rises, 
and the rate of decrease in viscosity is greater as the fat content increases’. 
As the temperature rises, the clumping is less pronounced; hence, vis¬ 
cosity decreases, and the effect of disrupting clumps is more apparent 
in the high-fat creams because more of its viscosity is produced by 
fat clumping. 

The samples reheated to 98°F. with agitation and held for 10 minutes 
with slight agitation, followed by cooling to 40°F. with slight agitation 

toTh"t tTPrtCwytTuT* in visCosity- ® attributed to the State of the fat globules: at 98°F. the globules are liquid and do 
lot clump. I hen the same creams were heated to 78°F. for 5 minutes 
and the viscosities were greatly increased at low storage temperatures! 
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This effect is attributed to the state of the fat globules, which tend to 

clump more at 78°F. than at 98°F. The viscosities of the reheated creams 

decreased rapidly as the temperature of measurement rose. According 

to these results, the increase in viscosity produced by reheating cream to 

certain temperatures is associated with fat clumping. Hening and 

Dahlberg14 did not observe fat clumping by microscopic examination to 

be associated with increased viscosity. Sommer17 suggests that the 

clusters may be held together by 

labile bonds and that they are dis¬ 

rupted in the necessary dilution 

for microscopic examination, thus 

escaping detection. 

The authors found that reheat¬ 

ing cream to 60 to 70°F. did not 

materially increase the viscosity, 

whereas temperatures of 75, 78, 

and 80°F. were most effective. 

Hening and Dahlberg14 used 80 to 

85°F. as reheating temperatures. 

Different worker's have used in¬ 

ternal tubular heaters and coolers, 

coil vats, and hand agitation for 

the reheating process. 

Viscosity of an}^ desired degree 

may be obtained by an appropri¬ 

ate combination of fat percentage, 

time and temperature of heating, 

and extent of agitation. Though 

the process is used commercially 

in certain areas, it must be care¬ 

fully controlled to secure uniform 

results from day to day. Some 

objections or disadvantages are as follows: (1) The temperature to which 

the cream must be heated varies with the season of the year because of 

the difference in melting point of the fat. (2) The cream loses its 

viscosity when allowed to become warm. (3) It is not legal in certain 

cities and states to reheat cream after pasteurization. (4) The whipping 

quality of the cream is not appreciably increased. 
Measurement of Cream Viscosity—The measurement of cream vis¬ 

cosity is important in evaluating the quality of cream. Though viscosity 

may be determined by several different methods, the most useful pro¬ 

cedures are the following: (1) The MacMichael viscosimeter. The prin¬ 

ciple of the apparatus is that the torque produced on a wire attached to a 

Fig. 120.—Borden Body Flow meter. 
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metal bob suspended in a revolving cup of cream is related to its vis¬ 

cosity. The torque is measured by noting the movement of the grad¬ 

uated disk at the top of the assembly supported by the wire. W ires of 

different Brown and Sharpe gauges are used for creams of varying 

viscosities. For comparative purposes the results may be reported in 

degrees MacMichael corresponding to viscosities in centipoises of solu¬ 

tions of known viscosities. The MacMichael viscosimeter is used in 

research laboratories more often than in milk-plant laboratories. (2) 

The Borden Body Flow meter18 (Fig. 120). This apparatus is better 

adapted for the routine determination of viscosity. It is based on the 

principle that the time for a given volume of cream to flow through an 

Fig. 121.—Borden Body Flow meter showing parts. 

opening of uniform bore at a constant temperature is a function of its 

viscosity. It consists of a brass unit equipped with interchangeable flow 

tips. For cream containing 30 per cent or more of fat, a tip approxi¬ 

mately 2.78 millimeters in diameter is used, and for thinner creams one 

with a diameter of approximately 1.97 millimeters is used. The outlet 

tube projects into the bottle sufficiently to ensure the efflux of 222 + 0.5 

milliliters of cream. The time required for the flow of this volume is 

recorded in seconds. The temperature for heavy creams is 15 6°C 

(liO°F.); for light creams, 10“C. (50°F.). The change in temperature of 

the cream during measurement is usually 0.5°C. or less. Nair and Mook'» 
have found the method to yield reproducible results. 

Operation of the test. 

tore1 1 h° Cream m the half'pint bottle is adjusted to the proper tempera- 
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2. The flow meter, with the air-vent tube closed by a cork stopper, is 

inserted into the bottle, air bubbles being carefully excluded, and the clip 
slid into place. 

3- The instrument is then inverted over a convenient receiver, usually 

a quart milk bottle, and supported in a vertical position by means of a 
No. 9 rubber stopper. 

4. Upon removal of the air-vent stopper, a stop watch is punched, 

and the time required for the flow of the entire volume (222 milliliters) is 
noted. 

The relation between flow time and milk-fat content of pasteurized 

cream, obtained from the data of Nair and Mook,18 is shown in Table 74. 

Table 74.—Effect of Milk-fat Content on Flow Time of Pasteurized Cream 

Milk fat, per cent 
Flow time 10°C.,* 

sec. 
Milk fat, per cent Flow time 15.6°C.,t 

sec. 

18 80.2 35.0 128.0 
20 90.5 36.5 166.0 
22 106.3 39.0 225.0 
23 114.2 40.0 250.0 
25 127.0 41.0 308.0 
30 213.0 43.0 421.0 

* 1.97-mm. diameter tip. 

f 2.78-mm. diameter tip. 

Hening,19 who used the 2.78-millimeter diameter tip and 15.6°C. for 

creams ranging from 20 to 40 per cent milk fat, considered this combina¬ 

tion satisfactory for the range of fat contents found in market creams. 

Once selected, the tip and temperature should be used in all cases so that 

results from day to day will be comparable. 

Hening19 has standardized the 2.78-millimeter tip of the Borden Body 

Flow meter against sucrose solutions. The viscosity of the sucrose solu¬ 

tions were determined in centipoise, the standard unit of viscosity, by a 

calibrated MacMichael viscosimeter. The viscosities were plotted 

against the flow time in seconds, and a straight line was obtained for the 

range 119.5 to 624.5 seconds flow time. The straight line could be extra¬ 

polated through the origin, a fact indicating that within this range the 

viscosity of sucrose solutions is directly proportional to the flow times. 

The points showing the seconds flow for less viscous solutions fell slightly 

below the line; the explanation, Hening suggests, might be that the tip 

was too large for accurate results with such solutions. Since Sommer2 

has determined the slope of the line to be 0.266, the viscosityin centipoises 

may be obtained by multiplying the flow time by 0.266. 
When cream was tested in both the MacMichael viscosimeter and the 

Borden Body Flow meter and the results plotted as flow seconds vs. 
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viscosity in ccntipoise, a straight-line relationship was obtained up to 

25 centipoises, or the value for creams of 35 to 40 per cent fat. F°r ncher 
creams the Borden Flow meter gave greater values than the MacMichae . 

Sommer- suggests two plausible reasons for this difference wrth the more 

viscous creams: (1) The fat clumps are large in relation to the capillary 

bore and their size causes a “plugging” effect that increases the flow 

time (2) The agitation with the MacMichael viscosimeter test is more 

likely to disrupt clumps than the agitation in the Borden Flow meter test. 

CREAM WHIPPING 

Principles of Cream Whipping.—The process of whipping consists in 

incorporating air in cream to produce a stable foam of failly ligid stiuc- 

ture. The stability of the foam and the rigid structure are due to the 

denatured protein absorbed around the air bubbles and to the semisolid 

milk-fat clusters that stiffen the walls of the air cells. The protein 

probably is denatured by the whipping process and in this state con¬ 

tributes to the mechanical stability of the cell walls. 

In the first stage of the process the air cells are fairly large, with thick 

liquid lamellae between the adjacent air cells. At this stage of the 

process the cream is not stable, and liquid will readily drain from the 

lamellae. The fat has not received enough agitation to cause grouping 

of the globules into sufficiently large masses. As the whipping continues, 

the air cells are further divided; and because the protein and liquid must 

cover a greater surface, the lamellae become thinner. The thin lamellae 

at this stage produce a dry foam that will not drain appreciably upon 

standing several hours at 40°F. The semisolid fat has undergone further 

clustering into larger distorted fat masses that produce a stiffer texture. 

As whipping is continued, the air cells are further subdivided and the 

clumping or partly churned fat masses somewhat distort the air cells. 

In this final stage the whipped cream should exhibit the maximum stiff¬ 

ness. If the process is continued further, churning will occur to such an 

extent that butter granules are produced. The foam-breaking substance, 

liberated in this process, decreases the stability of the whipped cream. 

As this discussion has shown, the following factors arc of importance 
in whipping cream: 

1. Adequate fat. The fat content must suffice to give stability to the 

air-cell walls. Satisfactory whipping cream should contain 36 to 40 per 

cent fat. I he size of the fat globules is also important in the time 

required to whip cream. Jersey or Guernsey cream will whip faster 

than Holstein or Ayrshire cream of the same fat content. 

2. Aging of cream. Aging the cream at a low temperature results in 

solidification of the fat and increased clumping of the fat globules. 

3. Cold temperature at time of whipping. The fat is semisolid and 
clumping without butter formation is facilitated 
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. .4‘ .y^ldA ra*e °f a9itation of whipper. The subdivision of the air cells 
is facilitated, the rate ot denaturation of the protein is increased and 
the clumping or partial churning of the fat is promoted. 

How to Whip Cream.—A common complaint of patrons is that 
cream will not whip. In most instances the fault is with the consumer 

V io does not understand the factors concerned. The plant operator 
should, however, make certain that the fault is not with the cream before 
investigating the treatment of the cream by the buyer. If the cream has 
sufficient fat, 36 to 40 per cent, and if it is aged 24 hours at a low tem¬ 
perature, it will usually whip satisfactorily. 

The buyer’s most common fault is to attempt to whip the cream at 
too high a temperature. Another fault is to turn the whipper too slowly 
or to attempt to whip too much cream at one time. As Table 75 shows, 

the amount of cream whipped at one time influences the time required. 
When 1 pint of cream was whipped with the Dover beater (Fig. 123), the 
ci earn had less structure and stability than when a smaller amount was 

whipped. It is more difficult, furthermore, to maintain the speed of the 
beater in whipping this quantity. The housewife will find the work 
difficult under these conditions. With the common household beaters 
or whippers, time will be saved and the quality of the whipped product 
will be improved if a pint of cream is whipped in two batches. 

Table 75.—Influence of Amount of Cream Whipped at One Time and of Speed 

of Whipper on Time to Whip* ! 

Quantity of cream Time to whip at Time to whip at 
whipped, pints 200 r.p.m., min. 120 r.p.m., min. 

0.25 0.95 2.31 
0.50 1.25 5.02 
1.00 1.85 11.57 

* California Agricultural Experiment Station. 

t Pasteurized cream, 38 per cent fat. Dover beater. Temperature of cream, 40°F. 

Table 75 also shows how the speed at which the handle of the beater 
is turned affects the time required to whip. The slowness of the beater 
often contributes to the failure to secure a satisfactory product. It 
required over 11 minutes to whip a pint of cream when the beater was 
turned at 120 revolutions per minute. In a warm kitchen the cream 
may rise in temperature enough to become partly churned during whip¬ 
ping and may yield a soft buttery product rather than the stiff stable 

cream desired. 
The relation of the milk-fat content of cream to viscosity, time to 

whip, and stability of the whipped product as measured by drainage is 
shown in Fig. 122. Creams containing 36 to 40 per cent milk fat whipped 
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in nearly identical times despite the differences in viscosity. Twenty-five 
per cent cream whipped satisfactorily but was not stable enough to be 

considered suitable, for it drained very rapidly. Creams ol 30 to 38 per 

cent fat are usually most desirable. 
Summary.—Factors important in whipping cream are as follows: 
1. Chill the bowl and the whipper before adding the cream. Keep 

the cream cold before and during whipping. 
2. Do not whip more cream than is suitable lor the whipper used. 
3. Use a bowl suited in shape to the type and size of the whipper. 

4. Turn the agitator rapidly. 
5. Whip to maximum stiffness, but do not overwhip. 
The authors surveyed the qualities of the whipping cream distributed 

in the three largest cities in California. The results for representative 
samples appear in Table 76. The samples, taken by official milk inspec- 

Table 76.—Commercial Whipping Cream Distributed in the 3 Largest 

California Cities 

Milk plant 
No. 

Relative vis¬ 
cosity, degrees 
Mac Michael 

Time to whip 
0.5 pint cream, 
Dover beater 
at 200 r.p.m., 

50°F., min. 

Fat 
per cent 

(Babcock) 

Bacteria 
count 

Flavor 
and 
odor 

A 64.5 0.65 39.0 28,000 Good 
B 73.0 0.80 40.0 3,600 Good 
C 80.0 0.75 38.0 66,000 Good 
D 69.5 0.85 38.0 900 Good 
E 71.0 0.90 40.5 180,000 Good 

F 80.0 0.70 37.0 600 Good 
G 66.0 1.00 36.5 116,000 Good 
H 100.5 0.85 35.5 1,500 Good 
I 69.5 0.80 38.5 1,200,000 Feed 
J 100.0 0.85 37.0 4,700 Good 

K 45.0 0.90 36.5 800 Good 
L 89.5 0.95 39.0 18,000 Good 

tors, were kept iced until tested. All creams were whipped in 1 minute 
or less—a further indication that when the fat content is sufficiently high 
satisfactory whipping quality will be secured provided that the instruc¬ 
tions listed in the summary are followed. The differences in viscosity 
cover the usual range to be expected in commercial whipping creams 

Ihe two samples with the highest viscosities were processed in plants 
where the greatest effort is made to obtain the maximum viscosity ' 
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Fig. 122.—Characteristics of whipping cream: influence of per cent fat on (a) viscosity, 
(6) whipping time, and (c) drainage from wdiipped cream. (California, Agricultural 

Experiment Station.) 

Fig. 123. 

(«) (&) (c) 
Simmon types of cream whippets; («) turbine-type Whipit; <10 double 
Common bladcs; (c) Dover egg beater. 
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Tvnes of Cream Whipper.—Different investigators have recommended 

various types of whipper Figure 123 shows three common ones. 
The authors have found all three types satisfactory when propel con¬ 

ditions arc maintained. The turbine may have some advantage foi 
small amounts of cream-0.25 pint or less. The Dover, or egg-beater 
type, however, appears more satisfactory when 0.5 pint rs to be whrpped 
at one time. Reid and Eckles*' found the air whip more satisfactory 
than other types studied. In this device, air is forced through the cream 
until a foam is produced; then a wire whipper finishes the process. 
According to Reid and Eckles, the air whip produces a stable cream by a 

different principle than the egg beater; clumping does not appear to bo 
necessary for a stable product. They concluded that the nnlk-fat 
globules and colloidal particles are sufficiently uniform in distribution 

over the air-cell surfaces to form a rigid structure. 
Another method of producing whipped cream is described in the next 

section, Whipping Cream by Aeration. 
Whipping Cream by Aeration.—The methods previously described for 

whipping employed the principle of mechanical agitation whereby air was 
entrapped to produce a foam. In the production of whipped cream by 
the aeration method, gas (usually nitrous pxide) is dissolved in the cream 
under high pressure. When the pressure is released, the gas is thrown 
out of solution as small, uniform bubbles evenly distributed throughout 

the cream, and a whipped, or aerated, product results.24 
Cream containing 20 to 40 per cent fat is placed in a metal cylinder, 

and nitrous oxide is added to saturate the cream with the gas to 80 to 90 
pounds partial pressure. The rate of dissolving the gas is increased by 
shaking. 

According to Goetz, Smith, and Tracy,24 the overrun obtained is 
directly proportional to the pressure at which the cream is saturated 
before release and is independent of the milk-fat percentage of the cream. 
These workers obtained overruns of 200 to 600 per cent with no evidence 
of fat clumping. Microscopic studies showed that the fat globules are 
reduced in size during the whipping process. These facts, together with 
the observation that best results were obtained with unaged cream and 
that homogenized cream could be successfully aerated, indicate that the 
stable foam is produced by a different principle from that obtaining when 

mechanical whippers are employed. In this process an increased vis¬ 
cosity is detrimental, for it is more difficult to saturate the liquid phase 
with gas at any given pressure. 

lor commercial application of the process, Goetz, Smith, and Tracy24 
recommended using imaged cream testing 35 per cent fat saturated with 
nitrous oxide at 80 to 00 pounds partial pressure. A small amount of 
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vanilla and 6 to 10 per cent sugar may be added to the cream before 
saturation with the gas. 

The product is especially adapted for use at soda fountains, for the 
required amount of cream may be freshly whipped for each order. In 
1938, one plant in Columbus, Ohio, used 800,000 pounds of 35 per cent 
cream for distribution in cylinders.25 

Theoretically, the process should be a more sanitary way of serving 
whipped ciearn. Ihe cylinder can be kept in a cold well or refrigerated 
cabinet, and the cream dispensed as required. Some types of the appa¬ 
ratus, however, have dispensing heads that extend above the refrigerated 
part of the cold well, and the cream in this part of the apparatus is not 

adequately refrigerated. Unless the cylinders are cleaned, sterilized, 
filled with cream, and charged with gas at the milk plant, health officials 
cannot easily supervise the sanitary quality of cream sold for aeration 
whipping. 

Ready-whipped Cream.—There is some demand for readv-whipped 
cream, especially for the fountain trade. The factors discussed under 
How to Whip Cream apply to this type of product. Because the cream 
must maintain its structure over a longer period and under a variety 
of conditions, the fat content is an important item: 36 per cent at least 

should be used. The cream may be whipped in a large commercial unit 
that will whip 2 or 3 gallons in one batch. For fountain trade the product 
may be packaged in 1-, 2-, and 3-gallon containers. 

Some important precautions to observe are the following: 
1. Store the whipped cream below 40°F., and keep it cold until 

delivery. Instruct the purchaser to maintain a low temperature. Wide 
fluctuations in temperature result in contraction and expansion, which 

impair the structure and cause draining. 
2. Handle the product carefully, for the structure is fragile. 
3. Treat the product as a perishable food, and make it up daily in the 

quantities desired. 
Flavors and Sugar for Whipping Cream. \ anilla is the principal 

flavoring material sometimes added to whipping creams. It should be of 
a good quality and added only in quantities to impait a slight fla\or. 

Flavoring materials do not influence whipping quality. 
Cane sugar is sometimes added to whipping cream. According to 

Mueller, Mack, and Lindquist26 the least desirable time for adding sugar 

is before pasteurization or immediately before whipping. They found 
that 15 per cent sugar may be added at any time after the first minute 
of whipping without any detrimental effect, and 10 per cent sugar will 

impart a sweet pleasing flavor. 
Reid and Eckles21 report that the addition of 5 per cent sugar befoi 

aging improves the flavor of the finished whipped cream, reduces the 
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overrun, improves the body, and decreases the amount of material drained 
off Babcock27 found that sugar when added in quantity sufficient to 
sweeten thoroughly will decrease the quality of the whip no matter 
whether added before or after whipping; the smaller the amount added, 

the less the effect. 
In general, sugar appears to (1) increase whipping time, (2) decrease 

overrun, (3) decrease (at times) the stiffness and stability of the whipped 

product. 
Materials Added to Influence the Whipping Quality of Cream.—If 

cream has been properly processed and has sufficient fat, whipping aids 
are usually unnecessary when the correct whipping procedure is followed. 

Viscogen, sodium alginate, gelatin, milk-solids-not-tat, and other 

substances will influence the time required to whip cream and also the 
stability of the whipped product. The addition of such materials is 

illegal in many cities and states. 
Viscogen, a name proposed by Babcock and Russell28 for calcium 

sucrate, when properly used will improve the whipping property of 
cream. According to J. C. Babcock,27 however, the improvement in 
quality is not sufficient to produce an excellent whip from a poor quality 
of cream. Babcock and Russell described the preparation of viscogen 
as follows: 

Two and one-half parts by weight of a good quality of cane sugar (granulated) 
are dissolved in 5 parts of water and 1 part of quicklime gradually slaked in 3 parts 
water. This milk of lime should be poured through a wire strainer to remove 
coarse unslaked particles and then added to the sugar solution. The mixture 
should be agitated at frequent intervals and after two or three hours allowed to 
settle until the clear supernatant fluid can be siphoned off. 

^ iscogen should be used with care because of its strong alkaline 
character. Before adding viscogen, one should determine the amount 
required to neutralize the cream, using phenolphthalein as an indicator. 
Slightly less than the determined quantity should be used, for the cream 
must remain slightly acid. The usual quantity required is 1 part by 
volume of viscogen to 150 parts of cream. 

According to England and Mecham,22 0.20 to 0.25 per cent sodium 
alginate added to cream will increase the stability. The sodium alginate 
is prepared as follows: (1) Weigh accurately the amount of stabilizer to 

>(' u , ^ Adc* col(i wafer to make a 4 per cent solution. (3) Then 
heat the solution to 160 to 170°F. with constant stirring. (4) Next add 

he stabilizer to the cream, which has been heated to the pasteurizing 

whipped CTCam 8h°"ld b° ag°d ^ 4°°F- f°r 24 h°Ure before 

Endatd^ld^T Tdft0 rre thc stability of whipped cream, 
■gland and Mecham” found that 0.35 per cent gives satisfactory 
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results. They report that gelatin proved more effective than sodium 
alginate; but it gives the body of the whipped cream a high gloss and 
causes sogginess, whereas the body of whipped cream containing sodium 
alginate was hardly discernible from cream not containing a stabilizer. 

The gelatin solution was prepared in the manner described for sodium 
alginate except that (1) a 7 per cent solution was prepared in order to 
a\ oid adding an excessive amount of water and (2) the gelatin was put 
into solution at 140 to 143°F. with constant stirring. 

Muellei, Mack, and Lindquist*6 studied the effect of several stabilizers 
added to cream. 1 he only marked benefit from adding the foreign 

substance was the occasional elimination of serum drainage. This bene¬ 
fit, however, was sometimes offset by a reduction in overrun or in whip¬ 

ping ability. Since the addition of foreign substances is not legal in many 
places, the practice in general cannot be recommended. 

Reid and Eckles21 have increased the milk-solids-not-fat content of 
cream in order to influence the whipping quality. They conclude that 
the addition of 6 per cent dry skim milk improves cream for whipping 

and improves the resultant whipped cream regardless of the type of 
beater used. The appearance is more glossy than that of whipped cream 
containing no added milk solids. This appearance is, however, not 
attractive to some consumers. Mueller, Mack, and Lindquist26 con¬ 
cluded that the benefits of increasing the serum solids content of 30 per 
cent cream to 11 per cent are not great enough to justify the procedure. 
Certain city ordinances do not permit the addition of milk solids to 
cream, and the legal status of adding any foreign substance should be 
determined before including such procedures in the preparation of whip¬ 

ping cream. 
Substandard Cream.—A product known in different markets as “half 

and half,” “cereal milk,” or “cereal cream” is sometimes sold. In 
Illinois, it has been defined as substandard cream. This product must 
contain a minimum of 10.5 per cent milk fat, and coined names may not 

appear on the label. 
In localities where the law permits, the solids-not-fat content may be 

increased by adding evaporated or dried skim milk. 1 he increased 
solids-not-fat increases the ability to color coffee and decreases the tend¬ 
ency to feather after homogenization. The product should be homogen¬ 
ized at 145°F. at the end of the holding period after pasteurization. 

Pressures of 1,000 to 1,500 pounds are sufficient to prevent creaming and 
to increase the viscosity. Restaurant trade is the largest outlet lot 

substandard cream. 
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CHAPTER XIX 

SPECIAL MILK PRODUCTS 

The present tendency among distributors is to prepare certain prod¬ 

ucts in addition to milk and cream. This policy utilizes surplus milk 
to advantage and develops markets for products other than milk that 
can be prepared in a market-milk plant with the same facilities and 
equipment used for milk. The distribution of additional pioducts loads, 
furthermore, to a larger income without increasing proportionately the 

cost of operation and distribution. 
Modern milk plants usually have a technically trained supervisor who 

can direct the manufacture of by-products as well as the processing of 
milk and cream. His knowledge is best utilized when the activities of 
the business are enlarged to include those dairy products that are in 

regular demand by the householder. 

BUTTERMILK 

There is a regular demand for buttermilk in most cities, and its 
preparation is both a source of profit to the milk distributor and a satis¬ 
factory outlet for surplus milk. 

The churning of gathered cream that has been separated on farms 
and sold for butter making usually results in a less uniform quality of 
buttermilk. Such cream usually receives less care on the farm than 
other milk products; it is delivered to the creameries less frequently; 
and, in consequence, fermentations that influence' the quality of the 
buttermilk are more likely to develop. The buttermilk resulting from 
the churning of cream may also contain gas-forming and other bacteria 
that cause an undesirable flavor and that make the resulting buttermilk 
less pleasing. 

Distributors have not found a ready sale for this product; and since 
butter is seldom churned in large quantities in city milk plants, the 
quantity of buttermilk from this source is not sufficient to meet variable 
demands. Also, the product is usually not uniform in quality and “ wheys 
off” readily, so that it becomes unsatisfactory for commercial distribution. 

The buttermilk distributed from day to day can be made more uniform 
if prepared from cultured skim milk, known as “cultured buttermilk.” 

Cultured buttermilk is made by adding a culture of lactic-acid bacteria 
to pasteurized skim milk and developing an acidity of about 0.8 per cent 
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This pioduct is thick and lacks the rich flavor characteristic of some of 
the later products in which cream is used. 

Some milk-plant operators put small butter granules in the cultured 
skim milk to improve its appearance. These granules, churned from 
sweet cream, are added after the cultured skim milk has been cooled and 
stored to develop viscosity. 

One kind of artificial buttermilk, developed at the California Agri¬ 
cultural Experiment Station, has been designated Churned Cultured 
Buttermilk.1 The product has been adopted by commercial plants with 
satisfaction. The general procedure followed in preparing it is described 
in the following paragraphs. 

Churned Cultured Buttermilk.—Churned cultured buttermilk is best 
prepared from market milk delivered to the dairy plant each day. 

Surplus milk returned from routes may be separated and utilized if the 
original milk was of good quality and if care is used in the processing to 
avoid additional bacterial contamination. The product is pleasing in 
flavor, does not “whey off” readily, shows butter granules, and contains 

between 1 and 2 per cent of milk fat. 
Making the Starter.—To make good churned cultured buttermilk, one 

must use a clean, vigorous starter, consisting of clean, whole milk or 
skim milk inoculated with a commercial culture of milk-souring bacteria, 

which produces a smooth, clean, curdled product. 
The culture necessary for propagating the mother starter may be 

obtained from any reliable dairy laboratory. Both liquid and powder 
cultures are on the market; either may be used successfully. The liquid 
culture is designated “lactic ferment culture or butter culture. 
Printed directions for preparing the mother culture are usually supplied 

by the laboratory. 
Preparing the Mother Culture.—The mother culture is prepared by 

filling two or more sterilized quart milk bottles or Pyrex flasks three- 
fourths full of clean whole milk or skim milk. A bottle cap is put on, 
and a double layer of parchment paper is folded over the top of the bottle 

and secured with a cord (Fig. 124). The milk bottles are then placed 
in a small galvanized-iron or similar container and surrounded with 
water to a height greater than the height of the milk. One may keep the 
water level constant by installing an overflow pipe through which any 
surplus may escape. Heat may be supplied by a steam pipe installed 
horizontally in the bottom of the container (Fig. 125) or by a gas flame 
placed underneath. In this way the milk is heated to at least 185 • 

for 1 hour, to destroy most of the bacteria present. A bettei metho 
when such equipment is available, is to heat the milk in an autoclave 

with a steam pressure of 15 pounds for 20 to 30 minutes. 
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After heating, the milk is cooled as low as possible by running cold 
water into the hot water surrounding the bottles. The cold water sho t 

be added very slowly at first, or the bottles will crack. When heated in 

Fig. 124.—Left: bottle of milk for mother culture, sterilized in autoclave at 15 pounds 
pressure for 20 minutes. The darker color is due to the high temperature of heating, 
which causes the lactose to become partially caramelized. Right: bottle of milk for mothei 
culture, pasteurized in water bath at 185°F. for one hour. The illustration shows method 
or protecting the pouring lip by covering with parchment tied securely in place. 

™ P'Pe screw info flanges Steam in lei 
Water overflow and outlet 

Fig. 125.—Construction of water bath suitable for sterilizing four quart bottles of 
milk for mother culture. Galvanized iron of 16 gauge is suitable for this purpose. The 
overflow pipe should be installed in such a manner that it can be readily unscrewed to 
peimit complete drainage when cleaning. 

an autoclave, the bottles should remain exposed to the air at room tem¬ 
perature until cool enough to be placed in warm water without breaking 
1 hey can then be cooled as described above. The milk should then be 

cooled further with ice water or in a refrigerator. The usual plant prac- 
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tice is to warm the milk in water to 72°F. at the close of the day and then 

add the commercial culture or starter. The milk should then be kept 
as near 72 h. as possible during the night until it shows a smooth coagula¬ 
tion the following morning. Some of the liquid cultures available may 
be started at 72°F. To maintain this temperature, one may purchase an 
electric incubator equipped with a thermostat that will control the tem- 
peiature automatically, or one may substitute a homemade apparatus 
consisting of an insulated wooden box, the temperature of which is con¬ 
trolled with water. One quart or more of water, at the proper tem¬ 

perature, when placed in the box, will maintain the desired temperatures 
of the mother culture for many hours. After coagulation, these cultures 
should be cooled by surrounding them with ice water or by placing them 
in the refrigerator, unless they are to be used immediately. 

A bottle of water of the same amount may be placed in the water 
bath with the milk and used for the thermometer in taking the tempera¬ 
tures. By this procedure, one will avoid contaminating the milk with 
the thermometer. 

The preparation of the mother culture is continued each day by 
inoculating two or more bottles of similarly pasteurized and cooled 
whole milk or skim milk from -the mother culture prepared the previous 

day. 
As a precaution, some workers prepare two or more lots of starter in 

order that they may select for use the one with the most desirable flavor, 
aroma, or other qualities. The amount of culture used should be between 
0.5 and 5.0 per cent according to the activity of the culture and the time 
desired for coagulation. The second day’s bottles of milk and those 
prepared on each succeeding day are incubated at /0 F., foi the culture 
will then have become more active and will develop better at the lower 

temperature. 
Preparing the Bulk Starter— The bulk starter is prepared from day to 

day from the mother culture. The quantity of skim milk needed for the 
bulk starter is selected and pasteurized in the starter can or in a 10-gallon 
milk can, according to the equipment available and the quantity of 
buttermilk to be prepared. The temperature of pasteurization should 
remain between 185 and 190°F. for 1 hour. The milk is then cooled to 

70° and inoculated with the mother starter. The amount necessary 
depends upon the activity of the mother starter, the temperature ol 
incubation, and the time desired for the coagulation tojie accomphshec. 

When the milk is held at a constant temperature of 70°F., about 1.0 per 
cent of starter will be required to produce a firm coagulation in 15 hours. 
Starter should have a clean, acid flavor with an acidity of approximate y 
0 80 per cent (calculated as lactic acid), should be free from gas formation, 
should show no whey separation on top, and should be smooth and creamy 
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after thorough agitation. If it does not show these characteristics, a 

new culture should be used. . , , 
Pasteurizing the Skim Milk.—Skim milk for making churned, cul¬ 

tured buttermilk should be of the best quality available. It must be 
passed through the separator first, before the bowl has become con¬ 
taminated from milk of poor quality. This procedure eliminates a com¬ 
mon source of contamination affecting the quality of the buttermilk. 
As experiments have shown, the body of cultured milk varies somewhat 
according to its solids-not-fat content. Skim milk with a lower solids 
content will coagulate with a thinner body than when the solids content 
is high. Such milk is preferable to milk of a higher solids content, for 
its greater liquidity makes it more refreshing. Uniform results from 
pasteurization can be obtained only by destroying as many bacteria as 
possible. The fresh skim milk had best be pasteurized as soon as it comes 

from the separator. 
Pasteurization may be accomplished either in a regular pasteurizer or 

in a starter can, in which the milk should be heated to between 185 and 
190°F. and held for 1 hour. It is then cooled as rapidly as possible to the 
“setting” temperature of approximately 70°F. If pasteurized skim milk 
is to be transferred to another piece of equipment for cooling and then 
held while coagulating, care should be taken to prevent contact with any 
apparatus that has not been thoroughly cleaned and sterilized. 

If skim milk has been pasteurized at 185 to 190°F. for 1 hour and 
promptly cooled without recontamination, it can then be held several 
hours, if necessary, until the starter is added, without injury. The 
pasteurization of the skim milk below 185°F. may lead to the wheying off 
of the finished product. 

In an emergency, reconstituted skim milk may be used instead of 
fresh skim milk. Skim-milk powder used for this purpose should be fresh 
and of good flavor; otherwise, the cultured product may be impaired. 
In California the product must be labeled as being made from recon¬ 
stituted skim milk. If used, the powder should be mixed with water to 
gb e a product containing 8.8 per cent solids. In all other respects, 
reconstituted skim milk is processed in the same way as skim milk. 

Pasteurizing the Cream.—Although the cream may be pasteurized in 
mixture with the skim milk, experimental results have shown that it is 
best pasteurized separately at 145°F. for 30 minutes. It is then cooled to 
a low temperature and in the late afternoon is added to the pasteurized 
skim milk. 

T he higher temperatures used for pasteurizing the skim milk and the 
longer holding period would cause some “oiling off” of the cream, as 
well as churning difficulties, which the lower temperature of pasteuriza¬ 
tion of cream prevents. If cream and skim milk of good quality are 
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pasteurized according to the methods described and if a satisfactory 
starter is used, uniform results should be secured each day. 

Adding the Cream and Starter to the Skim Milk.—Cream is mixed 
with the skim milk immediately before or immediately after the starter 
is added, to provide the milk fat necessary for forming butter granules 
when it is churned the following morning. The advantage of adding the 
cream to the skim milk at this time is that it develops more flavor in the 
finished product, and the exposure of the cream to the acidity aids in 
forming the butter granules more readily during churning. It also 

Fig. 126.—Left: cultured skim milk containing added cream; when property churned 

md cooled before bottling, it did not retain air particles and did not “whey off. HtgM: 

mltured skim milk without cream added; when churned and cooled e*actly as *he 
m the left, it retained air particles and “wheyed off” somewhat, as shown by the band of 

svhey formed near the middle of the bottle. 

changes the physical condition of the mixture so that foam formation 
during churning is reduced and there is less tendency for the finished 

product to whey off. 
A good practice is to add 0.75 per cent fat in the form of crearm 

There will then be approximately 4 gallons of 20 per cent cream to 100 
gallons of skim milk, or 2 gallons of 40 per cent cream to 100 gallons. 
According to experiments, the richness of the cream is not important to the 

quality of the finished product when it is used between 20 and 40 pei cen , 
Usually, the starter and cream are added to the pasteurized skim milk 

near the close of the day’s operation in order that the starter may ac 
during the night and the product be ready for processing next morning. 
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When approximately 1.0 per cent of the bulk starter is added to the 

skim milk in the vat, it will usually be coagulated in 15 hours with an 

acidity of about 0.80 per cent, provided that the temperature o . n 
can be held at 70°F. during this period. An acidity between 0. 

and 0 80 per cent should be developed before churning. sua Y> 

gallon of starter to each 99 gallons of skim milk will give satisfactory 

Immediately after adding the starter, one should stir it thoroughly 

to obtain an even mixture. If in cold weather the skim milk cannot 
easily be maintained at 70°F., slightly more starter may be required. 
If the starter is not vigorous, a larger amount may have to be added to 
complete the coagulation within 15 hours. To assist in maintaining a 
uniform temperature, a metal or clean cloth cover may be used ovei the 
vat. As experiments have shown, the body of cultured milk vaiies 
according to the amount of starter used and the length of time required 
for coagulation. It is preferable to use a smaller amount of starter and a 
longer time for coagulation; the result is a thinner body that makes the 
finished product more refreshing. The product of a firmer coagulation 
leaves an impression of dryness and, therefore, to the average consumer, 

tastes less pleasing. 
Churning the Cultured Milk and Cream.—When the skim-milk and 

cream mixture has reached an acidity between 0.70 per cent and 0.80 per 
cent, it is drawn or poured into the churn, which has been properly 
cleaned, sterilized, and cooled or heated to the proper temperature. 
During the warm summer months an acidity somewhat lower than 0.80 
per cent should be used; for the equipment and air are warmer, and the 
acidity may increase slightly during the processing. 

Likewise, the churning temperature of the product should vary accord¬ 
ing to the season. As a rule, 68°F. during the summer months and 72°F. 
during the winter will be satisfactory. If the temperature is too high, 
the butter granules formed during churning will mat together and not be 
evenly distributed throughout the finished product. 

Salt, added to the cultured skim milk before churning, improves its 
palatability for most persons. 1 he amount depends on the consumer’s 
taste. Usually 0.5 ounce of salt to each 10 gallons of milk will be 
satisfactory. 

Butter coloi may also be added, to make; the butter granules more 
attractive. The amount used may also, as in buttermaking, vary with 
the season, the object being to maintain a uniform color throughout the 
year. During the winter months as much as 2.5 cubic centimeters of 
butter color may be required for each 10 gallons of milk. 

The churn is operated at high speed until small butter granules about 
t le size of a pinhead are formed. With the temperatures recommended 
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and with the churn approximately half full, the churning time will be 

6 to 10 minutes. Prolonged churning increases the size of the granules 
and may be detrimental to the flavor and body. Any treatment that 
incorporates air in the product after acidity has developed will encourage 
wheying off (Fig. 127). 

The small granules are usually preferred because they are less notice¬ 
able when the product is consumed and because, having less buoyance, 
they are more evenly distributed throughout the bottled buttermilk. 

Fig. 127.—Left: the cultured milk was churned, cooled immediately, and stored in 

bulk for two hours before it was bottled; no ‘‘wheying off” occurred. Right: the cultured 
milk from the same churning was bottled and then cooled. The air particles letaine in 

the milk at the time of bottling caused a separation of the curd and the formation ot 

“free” whey near the middle of the bottle. 

Adding Cream and Cooling the Churned Buttermilk. The churned 

cultured buttermilk should be drawn from the churn immediately into 
a coil vat or other apparatus. It should not be bottled until the air that 
may have become incorporated during the churning has come to the 

surface. 
The same amount of sweet cream as was used before churning is 

added, and the mixture is cooled immediately to 40°F. or below. T e 
finished product then has a fat content of approximately 1.5 per cent. 
The addition of cream after churning gives a smoother body and a nn ei 

and more pleasant flavor. . 
There may be slight modifications to this process, such as varying 

amounts of cream used or eliminating the addition of cream after churn- 
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ing; but such changes will affect the quality and will be less satisfactory 

if i hiffh-auality product is desired. 
Churning Buttermilk with a Pump.—A centrifugal pump may -> - 

used for churning cultured buttermilk. The cultured atom m.lk and 
cream are circulated through the pump and returned to the vat through 
the pump discharge pipe (Fig. 128). The discharge pipe should ter- 

minate 1 or 2 feet above the surface of the milk in the vat. 
The agitation through the pump and the force of the milk entering 

the vat churn the cream into butter granules. Either a vertical or a 

horizontal coil vat may be used. 
The time required to form butter granules of the proper size will vary 

with the temperature of the milk, the amount of milk circulated, and the 

Fig. 128.—Diagram of centrifugal pump and vat. Cultured buttermilk may be churned 
with a pump rather than in a churn. 

extent of agitation. If all the milk is circulated through the pump, 
2(3 minutes or more will usually be required to churn each 100 gallons 
of cultured milk. For example, if 300 gallons of cultured milk and cream 
was to be churned through a centrifugal pump, it would require an hour 
or more to secure the formation of butter granules. The time required 
for churning may be reduced by churning only a part of the cultured 
milk, which should contain all the cream desired for the entire batch. 
T-ho richer cultured-milk and cream mixture will form butter granules 
more quickly. After the butter granules form, the remainder of the 
cultured skim milk is added and mixed with the churned portion. 

When all the cultured milk is churned, the body of the finished product 
will be thinner than if only a part is churned. ' The viscosity may be 
regulated by the method of processing. 

The authors compared the viscosities of buttermilk when three 
different methods of processing were used. Cultured milk from the same 
mixture was processed by churning through the pump all of one portion 
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of the milk; half of another portion was similarly churned, and a fifth 
of a third portion. The following table shows the variations in viscosity 
and the time required to churn with these different methods 

1 able 77. Viscosity of Buttermilk When Different Portions Are Churned 

All of milk 

pumped 
Half of milk 

pumped 
Fifth of milk 

pumped 

Relative viscosity of finished product, 

degrees MacMichael... 162 

41 minutes 

ooc 
442 

18 minutes 
Time to form granules. 

ooO 

23bj minutes 

The l equirement of a particular market may be met by regulating 
the method of processing. 

Bottling and Storage.—After cooling to 40°F., the buttermilk is 
held in bulk at this temperature in the vat in which it was cooled or in 
the storage room for several hours until the body has thickened suffi¬ 
ciently to prevent the butter granules from rising to the surface. 

It is then agitated to distribute the granules before bottling. If 
sold in bulk, it may then be drawn into cans for distribution. 

Churned cultured buttermilk is bottled in the same way as fresh 
milk, with the regular milk-bottling equipment. The bottled milk 
should be placed immediately in the cold-storage room until the time of 
delivery. 

Delivery.—The distributor of churned cultured buttermilk should 
realize that the product contains numerous milk-souring bacteria. 
While the milk is maintained at 40°F., these do not increase appreciably 
in number, and the acidity remains constant. If the temperature rises 
above 50°, however, the organisms increase in number slightly; and at 
higher temperatures they reproduce rapidly, and increased acidity 
and finally an earlier wheying off are produced. The increase in acidity 

also changes the flavor, which may finally become sharp and less pleasing. 
To retain the original flavor of churned cultured buttermilk the 

bottles should be surrounded with ice during delivery, and consumers 

should be advised to keep it cold. 
Cleaning, Sterilizing, and Care of Equipment.—The quality of 

churned cultured buttermilk depends upon the ability of the dairy- 
plant operator to control the growth of bacteria. This statement applies 
from the beginning of the manufacturing process to the final delivery. 
For best results, the original milk used must be as free as possible from 
undesirable bacteria, some of which are not destroyed by pasteurization; 
all the equipment and apparatus with which the milk comes in contact 

must be as free as possible from contamination; and all temperatures 

must be controlled accurately. 
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The importance of sterilizing all equipment properly cannot be over¬ 

emphasized A detailed description of sterilization is gnm 
X I however it is emphasized here that the operator must heat all 
^uipmeTto near the boiling point to destroy bacteria on he surface 

and, after such heating, must leave the equipment open ” a 
period to permit the moisture to escape and to let the surface oi the 
equipment dry. The spores of some bacteria are resistant to the boi ing 

Fig. 129.—Buttermilk vats with the stainless-steel lining welded to the outer jacket at 
the top to prevent milk and moisture from entering the insulation. 

temperature; but if the equipment is left dry, bacteria will not reproduce 
from the spores or contaminate the apparatus before it is used the 
following day. 

Preparation of the Churn, lhe churn may be one of the most serious 
sources of contamination because of its wood construction, which cannot 
easily be sterilized. Each day, after the buttermilk is prepared, the 

churn should be immediately rinsed free of milk and butter particles. 
This rinsing can best be done with a small stream of cold water from a 
hose, while the drain gate is left open. Finally, the drain gate should be 
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closed and the churn revolved, while one-fourth full of cold water and 
again drained. The churn should then be filled one-third full of hot 
water (185°F. or above) and revolved in low gear for 10 or 15 minutes, 
the door should then be removed from the churn, and the opening 
turned to the floor to permit the water to flow out at once. After 
chaining, the churn, while still warm, should be turned with the door 
opening upward to permit drying. Later, the cover may be replaced and 
left ajar to permit moisture to escape and to protect the churn from dust. 

If the chum becomes sour or if mold develops on the inner surface 
from lack of regular use, it may be treated with lime, as is customary in 
butter making, and then brushed thoroughly with washing solution, 
sterilized, and dried. 

ACIDOPHILUS MILK 

Acidophilus milk, a fermented product prepared with Lactobacillus 
acidophilus bacteria, has been used commercially for therapeutic purposes 
rather than as a beverage as is buttermilk. There has been consider¬ 
able evidence that L. acidophilus is a normal inhabitant of the intestinal 
tract, and acidophilus milk has been considered a practical means of 
bringing about a predominance of the organism in the small intestine. 
Some physicians prescribe the regular use of acidophilus milk to control 
intestinal disorders. 

Therapeutic Value of Acidophilus Milk.—The use of fermented milks 
as therapeutic agents is based on the assumption that they combat the 
so-called “autointoxication” caused by the accumulation in the body 
of toxic substances elaborated by the growth of putrefactive bacteria.2 

Normally nourished infants and persons who consume milk regularly 
maintain in the intestinal tract conditions favorable to the growth of 
acid-forming types of bacteria, which by the active fermentation of 
lactose inhibits the growth of putrefactive organisms. 

Rettger and his associates3 emphasize the importance of feeding large 
quantities of acidophilus milk over relatively long periods of time, with 
at least one or two repetitions of the treatment after periods in which no 
acidophilus milk is used. In carrying out such a system, they have been 
able to demonstrate the continuation of the clinical benefits and rela¬ 
tively high Lactobacillus acidophilus population in the feces over periods 
of 11 to 18 months after discontinuing the regular use of acidophilus 
milk. They conclude from their investigations that the proper use of 
acidophilus milk will, in a large majority of cases treated, benefit patients 
suffering from simple constipation, constipation accompanied by biliaiy 
symptoms, so-called “mucous colitis” or irritable colon, and chronic 
ulcerative colitis. They believe, however, that the two conditions last 
named are fully benefited only so long as the treatment is continued. 
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Preparation of Acidophilus Milk.-Thc manufacture of ac dopb us 

milk requires the greatest care, both in the preparation of the milk 

before inoculation and throughout the entire process of manufacture. 

Lactobacillus acidophilus, not being a natural mha ..tant^. milk mus 

become accustomed to growth in this medium. Laboratory facilities 

careful technique, and adequate equipment are essential to the success 

preparation of this product. . , x ( m n 
The first step in manufacturing acidophilus milk is to obtain from a 

reliable source a pure culture of Lactobacillus acidophilus of proved 

therapeutic value. All possibilities of contamination must be avoided. 

Erlenmeyer flasks are the most suitable containers for the starter. 1 hey 

should be about half filled with fresh whole milk or skim milk and plugged 

with cotton. They are then sterilized in an autoclave with 15 pounds 

pressure for 20 minutes. After the milk has cooled, a flame from a gas 

burner should be passed over and around the mouth of the flask as in 

approved bacteriological technique, and the culture introduced into the 

flask after the mouth of the culture tube is also passed through the flame. 

The cotton plug from the flask should be held between the fingers so 

that the portion of the plug to be replaced in the mouth of the flask 

immediately after inoculating does not become contaminated. The 

inoculated milk is incubated at 98 to 100°F. until it has curdled. On 

top of the curd, the starter should show a little whey. The curd should 

appear firm with no evidence of gas. It is broken up by rotating the 

flask vigorously. The starter is carried on by daily transfers from flask 

to flask by means of a sterile pipette. The care necessary to maintain a 

pure starter of L. acidophilus cannot be overemphasized. The starter 

should be examined frequently for purity either microscopically or by 

plates. If it should develop an abnormal flavor or odor it must be 

discarded, and a new culture obtained. Some operators carry two 

separate cultures to meet an emergency in case one should become 

unsatisfactory. 

The bulk starter used to inoculate the batch is prepared like the 

mother culture, with the same precautions against contamination. 

Erlenmeyer flasks of 2 liters capacity or larger are most satisfactory in 

preparing the bulk starter. The starter should be 18 to 24 hours old 

when used to inoculate the batch. 

The same care must be exercised in treating the milk to be used for 

the final product as in preparing the cultures. Only fresh milk of the 

best quality should be used. Although this milk may be whole, partly 

skimmed, or skimmed, a fat content of at least 2 per cent is preferable. 

Pasteurization of the Milk. rl he pasteurizer employed in preparing 

this product should be equipped with an efficient mechanical agitator, 

and the milk should be heated and cooled without removing it from the 
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vat. The jacket of the pasteurizer must be insulated so that it may be 

used as an incubator as well as a pasteurizer. 

The milk is heated to 205 L. lor 1.5 hour or longer, and then cooled 

to 98°F. This high temperature is necessary because the bacterium 
Lactobacillus acidophilus will not develop normally unless the bacteria 

present in the milk are killed before the starter is added. Milk heated 

in this way has a slightly darker color than normal milk because of the 

caramelization of some of the lactose. Bass4 has recommended heating 

the milk to 190 to 195°F. for 1 hour and cooling to 98°F., at which 

temperature it is held for 3 or 4 hours. Then the milk is again heated 

to 190 to 195°F. for 1 hour, cooled to 98°F., and inoculated. 

Culturing the Milk.—After being cooled to 98 to 100°F., the milk 

is inoculated with about 2 per cent of bulk starter. In the inoculating 

procedure the greatest care must be observed to prevent contamination. 

The mouths of the flasks should be passed through the flame, as pre¬ 

viously described, before the starter is poured from the flask. The cover 

of the vat is lifted just sufficiently to permit the starter to be poured and 

is then closed immediately. After inoculation of the milk, the agitator is 

operated for a few minutes to mix the starter evenly with the milk. 

The milk is then incubated at between 98 and 100°F., and this 

temperature should be maintained throughout incubation. The length 

of the incubation period will depend upon the amount ol the inoculation, 

the temperature, and the activity of the starter. The end of the period 

is determined by the formation of a firm curd, which usually requires 

about 18 to 24 hours. 
When incubation is completed, the curd is broken up by agitation 

and is then cooled to 70°F. and bottled. KopelofP recommends that 

acidophilus milk be kept at room temperature to preserve the largest 

number of viable acidophilus organisms and that the product be dis¬ 

tributed while fresh. 
Acidophilus milk should be creamy, with a mildly acid taste and 

with no abnormal flavors and odors. From time to time, it should be 

examined microscopically or culturally to ensure the purity of the product 

as a culture of Lactobacillus acidophilus organisms. Thus the efficiency 

of the process can be checked. 

BULGARIAN BUTTERMILK 

Bulgarian buttermilk (yoghurt or matzoon) originated in Bulgaria, 

where it is consumed principally in a solid form as clabbered milk. 

The fermentation is developed by the Lactobacillus bulgancus oigamsm . 

vvhich produce an acidity higher than occurs with. the »occuslacm 

type of bacteria. In some instances S. thermophilus is used with L. bu 

garicus in the preparing of yoghurt. 
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Bulgarian buttermilk contains 1.5 to 2 per cent of acidity, which is 

responsible for its characteristic sharp taste. For several years, it was 

prepared and sold in the United States because it was believed to have 

special therapeutic value. It is now considered to have no special merit 

beyond that possessed by cultured buttermilk; and, being less pleasant 

in flavor to the average consumer, it is not being generally used in this 

country. 

OTHER FERMENTED MILK DRINKS 

Other fermented milk drinks have been used in different countries 

for many years. They vary somewhat in their composition and in the 

organisms used. All contain lactic acid, which is developed by the 

cultures used for fermentation. Some also contain alcohol, which is 

developed by added yeast. Some are an important part of the daily 

diet in countries such as Bulgaria and Turkey. Among these products 

are kumiss and kefir, which originated in Russia; koeldermilk, used in 

Denmark; and leben, made in Egypt. These cultured milk products 

are of negligible commercial importance in the United States because 

there is small demand for them. 

CHOCOLATE MILK DRINKS 

Chocolate milk varies considerably in composition according to the 

formulas used by the different distributors. When the name “chocolate 

milk” is used, the product should contain at least the milk-fat percentage 

equal to the minimum legal requirement for market milk. The product 

may be consumed instead of milk by those who prefer its flavor, or it 

may be sold to consumers who prefer to purchase a chocolate beverage 
instead of preparing one in the home. 

Many milk-plant operators prepare chocolate milk drinks with skim 

milk or with skim milk containing 1 to 2 per cent fat. In this case, 

usually, the product must be labeled “chocolate drink” or given a trade 

name, for the word “milk” in many states cannot be used unless the 

product contains the same fat percentage as whole milk. 

Chocolate milk and chocolate drink are usually prepared with cocoa 

which contains 6.5 to 18 per cent of fat. As the flavor is not materially 

influenced by the milk-fat content, most distributors prefer a fat content 

of 2 per cent. If a large percentage of fat is used, the price of chocolate 

drink must be higher than that of whole milk in order to balance the 
manufacturing cost. 

Uses of Chocolate Milk Drinks.-The first demand for chocolate milk 

dnnks came from school authorities, who started serving milk in schools 

to children below normal weight. Because some children did not relish 



384 THE MARKET-MILK INDUSTRY 

milk, an attempt was made to serve it in a more attractive form. Others 

developed an interest in the regular use of whole milk when chocolate 

milk was served to them one day each week, and the whole milk on the 

other school days. After the product became more generally available, 

sales efforts were directed to marketing chocolate milk drinks to res¬ 

taurants and finally to homes in pint and quart quantities. In 1934, 

there were 500 million gallons of chocolate milk drink sold in the United 
States. 

Preparation of Chocolate Milk Drinks.—Several methods are used in 

preparing chocolate milk drinks. The method depends on the preference 

of the consumers. Small operators may find it necessary to use com¬ 

mercial preparations that require no processing before being mixed 

with the milk, because of the lack of equipment necessary to prepare 

them from the separate materials. Large operators usually have the 

equipment for preparing chocolate milk by any of the common methods. 

Chocolate Milk Drink without Stabilizer.—The following composition 

has proved satisfactory: 

Cocoa. 1 per cent 
Sugar. 5-7 per cent 
Milk. Minimum legal fat standard 

The cocoa and sugar, mixed dry, are added to the milk at pasteurizing 

temperature (142°F.) with constant stirring. The milk should be heated 

further to 170°F., held there for 10 minutes, cooled to 120°F., and 

homogenized. A homogenizing pressure of 1,500 pounds is used to 

prevent a cream layer from forming. 4 he product is then pumped 

from the homogenizer over a surface cooler to bring it to 40°F., after 

which it is bottled. Since the cocoa particles will settle out on standing, 

the bottle must be inverted and shaken before the milk is consumed. 

Chocolate milk prepared by this method is thin in body and refresh¬ 

ing. Its only disadvantage is the settling of the cocoa to the bottom 

of the bottle. 
Chocolate Milk Drink with Corn Starch as Stabilizer .—Corn starch 

has been used as a stabilizer for chocolate milk drinks. A special prepara¬ 

tion marketed as “suspension starch”6 will, when properly incorporated 

with the other ingredients, increase the viscosity of the milk and prevent 

the cocoa particles from settling in the bottle. The following formula is 

recommended when suspension starch is used. 

Dry-mix Ingredients 

Suspension Starch. 

Cocoa. 
Sugar. 

Salt. 
Vanillin. 

100.00 lb. 
115.00 lb. 
450.00 lb. 

3.50 lb. 
1.80 oz. 
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The suspension starch, the cocoa, and 445 pounds of the sugar are 

mixed thoroughly together. The vanillin is then dissolved in a mixture 

of 1 ounce of 95 per cent alcohol and 1 ounce of water and is thoroughly 

mixed with 5 pounds of sugar. It is then mixed with the other ingre¬ 

dients. The cocoa content may be varied, as desired, from the amount 

given in the formula. 

The dry mix may be prepared in different amounts depending upon 

the volume of chocolate milk distributed. It may be kept in this form 

for several days or weeks, however, without deterioration and processed 

with the milk each da}r as needed. 

The dry mix described in the previous paragraph is dissolved in milk 

in the following proportions: 

Dry mix. 75 lb. 

Milk. 100 gal. 

TFie milk and the dry ingredients may be mixed in a pasteurizing 

vat if the agitation is rapid and thorough. Usually, the dry mix is 

sifted directly into the milk through a screen. If the agitation is not 

rapid, as in a vat equipped with a side-propeller agitator, the dry mix 

should be mixed thoroughly with 5 gallons of the milk in a separate 

container. It is then added to the remainder of the milk in the pas¬ 

teurizer and kept under constant agitation. The ingredients will mix 

with warm milk more readily, but the temperature should not exceed 

135°F. until thorough mixing is accomplished. The temperature is 

then raised to 190°F. and maintained at that point for 30 minutes. 

Next, by cold water passed through the jacket or coil, the batch is 

cooled to 1G0°K, at which point it is pumped over a cooler and the 

temperature brought to 40°F. or below. Agitation should be applied 
constantly during the heating, holding, and cooling. 

Imitation butterscotch or other similar flavoring material may be 

I?6 w impr0ve ^ie flavor- Such flavoring material is best added after 
the batch is cooled to 160°F. 

Chocolate Milk Drink with Sodium Alginate as Stabilizer.—Sodium 

alginate, sold as Cocoloid/ is a stabilizer of vegetable origin It l 

extracted from kelp and purified; when mixed with milk containing 
cocoa, it prevents the cocoa from settling. ^ 

The following formula is recommended when cocoloid is used: 

Cocoa. 
Sugar. 
Cocoloid.. 
Milk. 

The cocoloid is mixed with the cocoa and sugar 

1-1.5 per cent 
5-7 0 per cent 
0.2 per cent 

2.0 per cent fat 

lent to approximately 0 2 per cent nf\'t AT' a" amount equiva- 
y PCr Cent of the ‘“tal weight of the finished 
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chocolate drink. The quantity of cocoloid may be varied slightly 

depending on the fineness of the cocoa used, but the minimum amount 

necessary to stabilize the cocoa particles should be used, to prevent an 

excessive viscosity that would detract from the palatability of the 

product. The milk is heated in a pasteurizer to 160°F. before the cocoa, 

sugar, and cocoloid are added. The mixture is then sifted into the milk 

while it is being agitated, and the temperature is held at 160°F. for 

30 minutes with constant agitation. 

Finally, it is homogenized and cooled 

to 40°F. over a surface cooler. 

When chocolate milk drinks are 

prepared with milk containing fat, a 

light area of cream will form in the 

neck of the bottle unless the mixture 

is heated to a temperature high enough 

to destroy the creaming properties. If 

the milk-cocoa mixture is pasteurized 

at a temperature below that at which 

the cream layer is destroyed, the pro¬ 

duct must be homogenized in order to 

prevent the formation of the cream 

layer in the bottled milk. 

N on settling Cocoa Powders — 

Several nonsettling cocoa-powder prep¬ 

arations now available contain cocoa 

and a stabilizing agent in a dry mix¬ 

ture. Some of these contain a portion 

of the required amount ol sugar and 

flavoring materials. In the prepara¬ 

tion of chocolate milk drinks the cocoa- 

powder mixtures are added to the milk 

in proper proportions and thoioughly 

mixed with it. The product may or may not be homogenized, dcPendl"« 

unon the facilities available. The method of processing depends upon 

the kind of stabilizer used The manufacturer’s directions, therefoie, 

mntit be followed in preparing these products. . 

drinks These contain cocoa, sugar, and a stabilizing agent im snup 

form. The sirup is added to cold jn hot mi ^ceoi n‘0®settling COCoa 

sirupsTsPmorl comLonTsmall milk plants where equipment is not 

Fig. 130.—Glass-enameled pasteuriz¬ 
ing vat that may be used for preparing 
chocolate milk. 
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available for the more elaborate processing required when some of the 

other preparations are used. 

HOMOGENIZED MILK 

The term “homogenization” is applied to the process by which a 

solid or a liquid is emulsified in a liquid or the solid particles of an emulsion 

are further divided to produce a more stable emulsion that will not 

separate on standing. As applied to the dairy industry, homogeniza¬ 

tion is the latter process, where milk or cream is the emulsion and where 

the fat globules arc the particles stabilized in the emulsion by being 

divided into many small globules. 

A liquid is homogenized by passing through a machine known as a 

“ homogenizer” or a “ viscolizer.” The several types of homogenizers 

all accomplish the process by forcing the liquid under pressure through 

small apertures. They differ in the arrangement and construction of 

the homogenizing valves. Some have two or more sets of valves arranged 

in series or a dual valve that permits more than one stage of homogeniza¬ 

tion. When the fat content of milk is 6 per cent or higher, fat clustering 

occurs. Second-stage homogenization disperses the clusters and pre¬ 

vents the creaming of the emulsion. Clayton8 has assumed that the 

clumping, or clustering, accompanying the first-stage homogenization 

results from the entanglement of the oil globules in films of denatured 

protein and that the second stage of homogenization, at a lower pressure, 

loosens the films and disperses the fat or oil globules. Clayton has 

observed this effect only with two-stage homogenization where proteins 

are the emulsifying agents, as with milk and mayonnaise. 

The Homogenizer.—The homogenizer was developed in France. Paul 

Marix9 in 1892 patented a method for preparing margarine by emulsifying 

the ingredients, passing them under pressure through a fine orifice Later 

improvements were made by Marix10 and Julien.11 Gaulin in 1899 

applied the principle to subdividing the fat globules in milk and thereby 

stabilizing the emulsion.12 He patented his apparatus, the homogenizing 

Milve of which was a bundle of capillary tubes and a concave valve hall 

which was pressed against one end of the tubes by a strong spring. The 

hquid was forced under pressure against the valve ball, and the fat was 

su div ided as it passed between the ends of the tubes and the ball Later 

improvements in Germany- substituted for the capillary tubes an agate 

shaft cut with spiral grooves. The shaft revolved as the milk was 

orced 'through it under pressure. Schroder later invented a stepped 

seaj u ln "hlch the face of each succeeding step was closer to the 

Zglob,diT an'an“ madc P" the gradual subdivision of the 
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In addition to the piston-type homogenizer, two other devices have 
recently been developed for subdividing fat globules. These are the sonic 
vibrator15 and low-pressure rotary homogenizers. 

Effects of Homogenization on Milk.—The principal effect of homoge¬ 

nization on milk is the physical change resulting from subdivision of the 
fat globules. The average diameter of these globules is reduced from 
4 to 8 microns to less than 2 microns, while their number is increased 
several hundred times, and the surface is increased more than thirty 

131 —Homogenizer used in the processing of homogenizing milk, chocolatejmlk, 

(iCourtesy of Manton-Gaulin Manufacturing Company, Inc.) 

times 16 The great increase in surface is accompanied by the formation 
of fat liquid interfaces, which stabilizes the suspended globui^ and pre¬ 

vents their coalescence.1’ Milk homogenized at sufficient piessuie 

homogeneous throughout and will not. cream. t the 
The small size of the fat globules makes it difficult to separate th 

cream from homogenized milk efficiently and to churn. it into 1ruttcr 

This factor also accounts for a low Babcock test of the mil 

homogenized has been reported by some 

judges to have a smoother body than unhomogenized P£"d 
Experiments conducted by Kelly,1’ however, and Uterby Trout HaUom, 

and Gould20 indicate that homogenized and 

unhomog'enized ^ilk were not sufficient to give preference to either 

product. 
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Homogenization has been found by a number of workers to inhibit 
copper-induced oxidized flavor in milk. The authors, however, have 
found that the pressure required varied with different milks when 1 part 
per million cupric ion was added to milk before homogenization. A pres¬ 
sure of 1,000 pounds prevented the flavor development in less susceptible 
milks, whereas 3,000 pounds was required in more susceptible milks. 
When exposed to sunlight in glass or fiber containers, homogenized milk 
is more susceptible to “sunshine” flavor than is the same milk 

unhomogenized. 
The viscosity of milk of average fat content is not materially influenced 

by homogenization. When thin table cream or milk containing 6 per cent 

fat is homogenized, the viscosity is markedly increased because of the 

clustering of the fat globules.21 
Homogenization reduces the curd tension of milk (page 404). 
The temperature of homogenization influences the results because of 

its effect on the average size of the fat globules. As the temperature is 
increased, the size of the globules decreases. 

Sediment in Homogenized Milk.—Sediment may appear in the bottom 
of bottles of homogenized milk that has not been properly processed. 
The white part of the sediment consists largely of leucocytes and epi¬ 
thelial cells; the darker portion, of foreign material accumulated during 
production.22 The foreign material may show in homogenized milk 
even if the sediment is so fine as to escape detection by the sediment test 
before homogenization. In unhomogenized milk, this material rises 
with the cream, whereas in homogenized milk, which does not cream, 
it settles to the bottom of the bottles. Clarification of milk before 
homogenization will reduce the amount of sediment, and clarification 
after homogenization will prevent the sediment entirely.23 The authors 
have found that it is unnecessary to clarify milk low in cellular material. 

Several commercial companies are distributing unclarified homogenized 
milk that does not contain sediment. 

Standard for Homogenized Milk.—The Standard Milk Ordinance and 
Code of the U.S. Public Health Service contains the following proposed 
legal definition for homogenized milk: 

Homogenized milk is milk which has been treated in such manner as to insure 
the break-up of the fat globules to such an extent that after 48 hours of storage 

I'm?!! «°T SeParati°n ,°CCUrS °n the milk and the fat Percentage of the top 
x. o milk in a quart bottle (or of proportionate volumes in containers of 

other sizes) does not differ by more than five per cent of itself from the fat per 
centage of the remaining milk as determined after mixing. 

The following example will clarify the meaning of the definition- Tf 
the upper 100 cubic centimeters of a quart of homogenized milk tests 4 
per cent after 48 hours storage, the balance of the milk must test not lest 
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than 3.8 per cent. The 0.2 per cent difference in the test is 5 per cent 
of the test of the top milk. Doan24 believes that a pressure of 2,500 

pounds or more must be used in a piston machine, in good operating 
condition, in order to obtain milk that will comply with the definition 
of the U.S. Public Health Service. The authors have tested milk 
“homogenized” with a low-pressure rotary homogenizer and found that 
it showed more creaming than the standard just mentioned. Doan24 
likewise has found low-pressure rotary machines in general to be less 

satisfactory for milk than piston homogenizers. 
Cost of Homogenization.—The cost of homogenizing will naturally 

vary with the amount of milk processed, for efficiency in the use of labor 

will increase and the unit cost for equipment overhead and depreciation 
will decrease as the volume of milk increases. Doan24 reports that the 
cost of homogenization has been variously estimated to range liom 0.1 to 
0.2 cent per quart. If only a small volume of milk is processed while a 
demand is being created for the product, the cost would be somewhat 

greater. 
Uses of Homogenized Milk.—Homogenized market milk, in consider¬ 

able quantities, was distributed in Belgium and England before 192i. 
The demand seemed to come from homes where, because servants were 
employed, the cream could not be removed before the milk was served 

to the family. , , , , „ 
In Ottawa, Canada, in 1927, homogenized milk was introduced by a 

newly established dairy. A little later the four principal distributors 
offered their customers pasteurized homogenized milk as well as legular 
pasteurized milk. By 1931, homogenized milk was distributed in 

Ontario, Quebec, and British Columbia.26 
In the United States, homogenized milk has been introduced _ 

rapidly In Pennsylvania, it was supplied to a hospital m 1920. and its 

use has continued.26 In 1930, it was prepared for a children si sand auun 

ssts s- £ =. -itfr sas-c •« 

tainer. The product has been used or "an^t.ade, and ^ ^ 

created by advertising. oniogt m e unjf0rm distribution 
at soda fountains or hospitals would g."Lracteristics are 

ir^rto^c—i in the United States would 

usually be for bottled milk ing of homogenized 
Preparation of Homogenized Mllk.-The pieces 8 ipment 

milk to secure the most acceptable product, requi.es speca 
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for heating the milk by the flash method, together with a clarifier, a 
homogenizer, and the regular pasteurizing and cooling equipment. 

Tracy27 has recommended that the process be carried out as follows: 

(1) Heat the milk to 140°F. by the flash method. (2) Homogenize it 
immediately at 2,000 pounds pressure per square inch. (3) Pass it 
through a clarifier as it leaves the homogenizer. (4) Pasteurize it at 
145°F. for 30 minutes immediately after clarifying. (5) Cool it to 40°F. 
or below. Many operators prefer to homogenize at 2,500 pounds pressure. 

The heating of the milk by the flash process is recommended to melt 
the fat, the effectiveness of homogenization being thus increased. Clarifi¬ 
cation removes the sediment that ma}' form in homogenized milk. Unless 
the milk is pasteurized immediately, the lipase enzyme, which is present 
in all mixed milk, acts on the homogenized fat and develops a rancid 
flavor. The success of the procedure recommended by Tracy depends 
on the carrying out of each step without delay; otherwise, the rancid flavor 
will develop. Since pasteurization renders the lipase enzyme inactive, 
the process should be continuous, if possible, until the milk has been 
properly pasteurized. 

In milk plants where equipment is not available for the flash heating 
of milk, the heating process may be accomplished in the regular pasteuriz¬ 
ing equipment. W ith this procedure, pasteurization would be com¬ 
pleted before homogenization; and, in that case, special precautions should 
be taken in washing and sterilizing the homogenizer to eliminate the possi¬ 
bility of recontaminating the milk. The proper method is described in 
Chap. XIII. In order to reduce the heated flavor the milk should be 
cooled to 130°F. before homogenization, for the temperature will rise 
from 5 to 8°F. during homogenization. 

Disposition of Returned Homogenized Milk.—Unsold homogenized 
milk returned from the delivery routes cannot be utilized so well as 
unhomogenized milk because of the losses of fat that occur when such milk 
is separated and churned. The Michigan Experiment Station has shown 
that, when milk is homogenized at 500 pounds pressure, 98 per cent of 
the fat is recovered by centrifugal separation; at 1,500 pounds pressure 
' per cent; at 2,500 pounds pressure, 53 per cent; and, at 3,500 pounds’ 
only 3b per cent. If milk is homogenized at 2,000 pounds pressure as 
ias l,col, recommended, the returned product cannot be economically 

ut.l.zod for cream unless the skim milk is used for some other food product 

such as cultured milk or chocolate-flavored milk, in which the fat con- 
tent would be approximately 2 per cent 

cot^“,^r=d ut,iiz;'d “ 
butter hut the exhaustiveness of the churning isn!d Tcom.Ue 

for unhomogenized cream. If homogenized cream is ripened with a 
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starter, the losses of fat in the buttermilk will usually be reduced.18 
Tennant28 reports that homogenized cream should be mixed with unhomo¬ 

genized in the proportion of 1 to 8 if excessive churning losses are to be 
avoided. 

In milk plants where all dairy products are processed, surplus homo¬ 
genized milk would probably be best utilized in preparing cultured milk, 
chocolate-flavored milk, and ice-cream mixes, the losses from separation 

and churning being thus reduced. 

VITAMIN D MILK 

Vitamin D, called the “antirachitic vitamin,” is one of the most 
important food accessories, especially in the diet of infants and young 
children, for it regulates the absorption and metabolism of the bone-form¬ 
ing elements calcium and phosphorus. Most of the vitamin D in the 
regular diet comes from milk, milk products, and eggs. In general, milk 
is not a rich source of this vitamin unless special procedures are followed 

in its production or processing, to be described in this chapter. 
For many years, it was known that sunshine and cod-liver oil tended to 

prevent or cure rickets, a common disease among children. The reason 
for the beneficial effect of these agents, however, was not known until 
recent years. The discovery of the nature, action, and source ot vitamin 

D is an interesting and dramatic chapter in modern research. 
The story began with the researches of McCollum, Simmonds, Beckei, 

and ShiDlev who in 1922 identified the antirachitic factor, vitamin D, 
from the growth-promoting factor, vitamin A- This 

knowledge paved the way for experiments on the new actor, and the 
problem rapidly expanded. The work of Zuckcr and Ins asswiates 
in 1922 suggested that the antirachitic factor may be a steio relate o 

cholesterol or a cholesterol derivative.” Hess, Weinstock and Holman 
and Steenbock and Black32 showed in 1925 that sterols developed ant - 

“chitl potency upon exposure to ultraviolet rays T is discovery mad 
clear the beneficial effects of sunshine in preventing nckets. Ihe skin 
contains the sterol, cholesterol, and this develops antirachitic prop- 

prtios when exposed to ultraviolet rays from the sun. 
6 ThroughTaPter research, vitamin D was identified as a sterol « 

related in chemical structural to cholesterol and «r»>rtero^ 

demonstrated that the irradiation o ese s ero p potency of 

11" - 
greatly to increase the vitamin D content of the d ^ ^ p 

Cod-liver oil has long been uin certain localities, some 

::S ~ a n" more vitamin D than is available from the 
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natural sources—food and sunshine. It has been suggested that some 
food in regular use by the public be used to convey increased amounts 
of this vitamin. This idea has led to the preparation of vitamin J) milk, 
which is now available in many of the larger cities in this country. 
Because milk is one of the best sources of calcium and phosphorus among 
the common foods, it may logically be used as the vehicle if vitamin D 

is to be made available in increased quantities. 
Methods of Estimating the Amount of Vitamin D.—Satisfactory 

chemical methods for economically estimating the vitamin D content 
of various food preparations have not been perfected. To determine the 
vitamin D content of milk, laboratory animals are necessary; therefore, 
the procedure is called “ bioassay.” The line-test procedure has been 
most widely used for quantitative determination of vitamin D. Bone- 
ash determinations and X-ray studies are used in some laboratories. 
The line test requires maintenance of a colony of rats on a stock 
ration low in vitamin D, but adequate for maintaining vigor and health. 
The young animals, w^eaned at 3 to 4 weeks of age, are placed on a rickets- 
producing diet. The Steenbock ration commonly used is No. 2965, 
composed of ground yellow corn, 76 per cent; wheat gluten, 20 per cent; 
calcium carbonate, 2 per cent; and sodium chloride, 1 per cent. Severe 
rickets will develop in the rats, usually in 21 to 25 days, at which time 
they are ready for use. For 8 days, they are daily given definite amounts 
of the material to be assayed, together with the rickets-producing diet. 
They are then continued for 2 more days on the rickets-producing diet 
alone. At the end of the tenth day, they are killed. The long bones 
of the hind legs are removed, split longitudinally, immersed in 10 per cent 
formaldehyde for a day or two, rinsed with distilled water, stained with a 
2 per cent silver nitrate solution, developed by exposure to sunlight or 
artificial light and examined for evidences of healing. A dark line across 

the wide band of metaphyseal cartilage that developed during the rickets- 
producing period indicates the initiation of healing by the deposition of 
minerals ,n this uncaleified area. The amount of test material that just 
produces a narrow continuous line of healing, when fed during this 10-day 
test period is said to contain one Steenbock unit of vitamin D « 

When determining the amount of vitamin D present in milk one 
may use the whole milk, the cream, or the milk fat obtained from it 

Systems of Designating Vitamin D Units—Several irWhnH i 

been u^d for designating the amount of vitamin D present tfoX 

countries 3 8SinemSthare °" 7°^ “ havln* boen ^opted in different 

of 
national system has been used in this eh'lX T , J f'" 

°f the more commonly used systems are shown in the foUoS^r 
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Table 78.—The Vitamin D Content of Average Cod-liver Oil in Various 

Systems of Units34 
System Units 

International of League of Nations (1931) system. 100 per g. 

U.S. Pharmacopoeia (1934) system. 100 per g. 

Steenbock system (1930)*. 37 per g. 

American Drug Manufacturing Association (1931)*. 350 per g. 

British or Medical Research Council (1930) system*. 100 per cc. 
* Replaced by International units. 

The Vitamin D Content of Normal Milk.—The vitamin D content of 
normal cow’s milk has been shown to vary in different animals and also 
according to conditions of production. As investigations conducted in 
laboratories in seven states of this country have shown, this content 
varies from 3.1 to 43.8 International units per quart.35 Four of these 
investigators studied the vitamin D content of the milk of the same 
cows during both summer and winter. Bechtel and Hoppert36 found 
the highest vitamin D content in the milk during July, August, and 
September and the lowest usually in February. There is a close correla¬ 
tion with the hours of sunshine per day, indicating that sunlight is the 
chief factor contributing vitamin D to normal milk. Steenbock, Hart, 
and their coworkers at the Wisconsin Experiment Station found 21.2 
International units per quart in the milk of Holstein cows on winter 
feeding.37 Milk from the same cows during the summer contained 
43.2 International units per quart. Hess and his associates found the 
equivalent of 14 to 22 International units of vitamin D per quart in the 

milk of cows of a mixed herd kept indoors.38 
The Influence of Feed on the Vitamin D Content of Milk—To judge 

from the results of experiments, the rations commonly fed to dairy 
cows contribute very little to the vitamin D content of milk, and the 
milk from cows receiving average feeds and herd management will be 
deficient in vitamin D from the standpoint of human nutrition. Certain 
vitamin D concentrates that may, however, be added to the usual rations 

of dairy cows will markedly increase the vitamin D content of the milk. 
Cod-liver oil, when fed to dairy cows, will increase the vitamin U 

content of the milk; but its use will depress the fat production, as sever* 
investigators have shown.” The cost of cod-liver oil in quantities 

necessary to increase the vitamin D content of milk makes its use impra 
"fell in the rations of dairy cows. Cocoa shell was fed to cows by Kon 
and Henry,40 who found that 2 pounds of it, when introduced m thei dmly 
ration effected a threefold increase in the vitamin D potency of the 
i at ion, d with the butterfat of the same cows in a pie- 
butter fat as comparea v authors intod 0ut, this increase is 

liminaiy perio • • • observed by them when changing cows 

f,Pom°a‘typical winter to a'typical summer condition in their locality. 
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Tho vitamin D content, of milk can be markedly increased by feeding 

irradiated yeast to cows, as reported by Wachtel41 in Germany in 1929 
and by Steenbock and his coworkers in the United States in 1930.4- 
Hess and his associates38 fed babies on the milk of cows given irradiated 

yeast; they found it highly antirachitic. 
This procedure has led to the production of metabolized vitamin D 

milk, which is described below. 
Commercial Vitamin D Milk.—There are three kinds of commercial 

vitamin D milk: (1) metabolized, (2) irradiated, and (3) fortified. Each 
of these products has special applications. The metabolized procedure 
is particularly adapted to the conditions of the producer-distributor. 
A dealer also may use it if he is able to make contracts with one or more 
dependable producers to feed irradiated yeast to enough cows to meet 
the demand. Only reputable dairymen may use this procedure, which 
involves the use of vitamin D concentrate in the rations fed to cows. 
Irradiated milk can be sold by distributors, for it may be used for the 
general milk supply. Fortified vitamin D milk may be prepared by large 
producer-distributors or by smaller distributors, for expensive equipment 
is not required. One advantage of this method is its flexibility; the 
output can be readily adjusted to any volume of production. 

1. Metabolized vitamin D milk. Metabolized vitamin D milk is 
produced from cows fed irradiated yeast. Many plants contain ergos- 
terol; and when this compound is exposed to ultraviolet light from the 
sun or from a mercury or a carbon lamp, it is converted into vitamin D. 
Because yeast contains a higher percentage of ergosterol than do most 
plants, its irradiation yields a more abundant source of vitamin D per 
pound. Because of this property, irradiated yeast has been selected 
as a source of vitamin D for the production of metabolized vitamin D 
milk. 

A license to produce this product must be secured from the Wisconsin 
Alumni Research Foundation at Madison, Wis. The license must be 
approved by Standard Brands, Incorporated, of New York City, the 
company licensed to prepare and distribute the dry irradiated yeast. 

The production of vitamin D milk from cows fed irradiated yeast 
depends upon three conditions: 

1. The amount of irradiated yeast to be fed must be adjusted to the 
amount of milk produced by the cow. 

2 High-producing cows are more efficient than low producers in 
transferring vitamin D from the ration to the milk 

each mTltr4 mUSt ^ ^ and is give" b<*>re 

It is to the dairyman s advantage to select high-producing cows for 
vitamin 1) herd, for the cost of vitamin D becomes less as production 



396 THE MARKET-MILK INDUSTRY 

increases. This fact is illustrated in Table 79, which shows the amount 
of yeast required for cows according to the volume of milk produced. 
The table also shows the cost, per quart, of feeding irradiated yeast to 
cows of different productions. 

Table 79.—Irradiated Yeast to Be Fed at Different Levels of Milk 

Production and Its Cost* | 

Average daily milk production 

per cow 

Amount of 

yeast required, 

daily average 

per cow 

Cost of yeast at 27 cents 

per lb. 

Lb. 
Qt. 

(approximate) 
Oz. 

Per cow (daily) Per qt. of milk 

Cents Cents 

20 9 3.4 5.74 0.62 

25 12 3.9 6.58 0.57 

30 14 4.3 7.26 0.52 

35 16 4.7 7.93 0.49 

40 19 5.1 8.61 0.46 

45 21 5.4 9.11 0.43 

50 23 5.6 9.45 0.41 

* Amount of yeast necessary to yield 160 Steenhock units of vitamin D per quart, 

t Feeding schedule supplied with license agreement of Wisconsin Alumni Research Foundation. 

The irradiated yeast is mixed with the grain ration and should be 

fed in amounts proportional to the amount of milk produced by the 
cows. The proportion of yeast to include in the grain mixture can 
be calculated from a formula based on the amount of milk being 
produced, the amount of grain being fed, and the average daily produc¬ 
tion per cow. The factor found to govern the vitamin D potency of the 
milk is the total amount of milk secreted daily and not the total mil 
fat. After a cow has been started on yeast feed, it requires about 20 
days for her milk to reach its maximum potency. Metabolized vitamin 
D milk contains approximately 432 International (160 Steenbock) units 

of vitamin D per quart. . , 
2 Irradiated vitamin D milk. The irradiation of m.Ik consists 

in exposing a thin, rapidly flowing film of milk to an intense source of 
ultraviolet radiation.« This is accomplished by several methods^ The 

first milk irradiator developed is equipped to allow milk to flow 
thin film over the inner surface of a cylinder A carbon-arc lamp » 

1 rl in the center of the cylinder in such a way that a uniform 
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the production of vitamin D milk with a potency of 400 U.S.P. units 

per quart (Fig. 132). . , 
Another type of milk irradiator is equipped with carbon-arc lamps 

with reflectors installed to concentrate the light rays on the milk film 
that is formed on a flat-type surface cooler. The lamps are placed 
far enough from the milk surface to distribute light uniformly. Still 

Ik;. 132. Cylindrical three-phase carbon-arc milk irradiator. The arc 
removed from the unit to permit washing. (Courtesy of National Carbon 

lamp has been 
Company, Inc.) 

another type of irradiator uses a quartz mercury lamp as a source of 
energy, rather than the carbon-arc lamp. 

f Ttenni)!CileS °f the present types of milk-irradiating equipment vary 
fiom 2,000 to If,500 pounds of milk per hour. 

Supplee and his associates" have stated that milk of normal fat con¬ 
tent can be activated to substantially a maximum degree by an exposure 
o less than 2 seconds if suitable light intensity is used with films of proper 

S“ '“ a!!d floW characteristics. In commercial irradiation the milk 
m is usually exposed to the ultraviolet light for 3 to 5 seconds. If the 

milk is exposed too long, the flavor is impaired. Irradiation by this 
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method gives a vitamin D potency of approximately 135 International 
units (50 Steenbock units) per quart. 

The advantage of producing vitamin D irradiated milk is the mechan¬ 
ical control of the process that is possible and that reduces to a minimum 
the human element of error. The amount of radiant energy imparted 

to the milk can be accurately recorded by means of ultraviolet-ray meters. 
The rate of milk flow to the machine is controlled by a positive fixed- 
capacity pump. The operation of the equipment may be recorded on a 
chart showing the amperage consumed, the operation of the supply pump, 
and the duration of the run. Irradiation may be applied either before or 

after pasteurization. 
To prepare irradiated milk a license must be secured from the Wiscon¬ 

sin Alumni Research Foundation, which holds a patent for this process. 
The process may be applied only to milk that is to be pasteurized. 
Although there is no license fee, certain royalties must be paid. These 
vary according to the amount of milk produced each day and range from 

0.25 to 0.05 cent per quart. 
3. Fortified vitamin D milk. Fortified vitamin D milk is prepared 

by mixing a definite amount of an assayed vitamin 13 concentrate with 
market milk. The concentrates, prepared by patented processes, consist 
of concentrated preparations from fish-liver oils or irradiated ergosterol. 
The concentrate, emulsified either in cream or in a bland oil such as cotton¬ 

seed, is mixed with the milk in an amount to give a vitamin D content of 
approximately 400 International units (150 Steenbock units) per quart. 

The cost of the concentrate for fortifying milk ranges from 0.333 to 

0.125 cent per quart, depending on the kind used and the amount pui- 

chased at one time. . 
How Vitamin D Is Formed by Radiation—The provitamin D in 

milk is a cholesterol—7 dehydrocholesterol is regarded as the substance 

that is activated bv the radiant energy emitted by carbon-arc or mercury 
lamps. The transformation of the provitamin into the vitamin that has 

been proposed is45 as follows: 

CH3 

CH—CH2—CH2—CH2—CH 

CHj 

CH; 

CH3 

CHa 

HO \/V 7-Dchydrocholesterol 
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CH3 ^ 

CH—CH2—CH2—CH2—CH 

ch3 I \ 
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ch3 

CH 

/\1 

H(\/V . . 
Activated 7-Dehydrocholesterol Vitamin D3 

A study of the two formulas shows that one of the bonds of the sec¬ 
ond ring structure has been opened. The energy for this photochemical 
reaction is supplied by the carbon or mercury lamps. The cholesterol 
content of milk ranges between 10 and 15 milligrams per 100 milliliters 
and of skim milk between 1.5 and 3.5 per 100 milliliters. About 18 per 
cent of the cholesterol of milk is associated in prosthetic combination 
with the lactalbumin.45 Supplee and his associates46 believe this com¬ 
bination is responsible for the effectiveness of vitamin D substances in 
milk. 

The cholesterol content of epithelium of human skin has been reported 
to range between 0.50 and 1.5 per cent.47 When sunshine acts upon the 
skin, the cholesterol seems to be converted to vitamin D in the same 
manner as are foods or certain food constituents when acted upon by 
ultraviolet radiations. 

The transformation of ergosterol to calciferol (vitamin D2) has been 
suggested as the reaction that occurs when yeast is irradiated. The 
transformation is shown on p. 400. 

Control of Vitamin D Milk.—The important point in the control of 
vitamin D milk is the certainty that the milk contains the specified 
amount of vitamin D. The only way to determine this at present, in a 
given sample of milk, is by conducting a bioassay with rats. Since this 
is a costly, time-consuming procedure, those handling a small volume 
of milk will find the sale of this product unprofitable if many assa}'s are 
to be made. 

Naturally, public-health officials having jurisdiction over regions in 
which vitamin D milk is produced desire proof that the vitamin D content 
is Within the limits expected for the product being distributed Most 
•state departments of health or of agriculture that have been approached 
on t e su Iject have permitted the sale of various antirachitic milks so 
ong as they are suitably labeled and conform to the statements on the 

label. They have depended upon the systems set up bv the licensing 
agents for the control of the potency of these milks. The control meas 
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ures for vitamin D milk will naturally vary in different cities until a stand¬ 

ard procedure is better established. 
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Calciferol (Vitamin D2) 

COMMERCIAL SOUR CREAM 

Commercial sour cream, known also as “Jewish” sour cream and 

cultured cream, is a ripened cream of high acidity, smooth texture, and 

heavy body, made by inoculating sweet pasteurized cream with a culture 

of lactic bacteria and allowing the acidity to develop until the desirable 

qualities are obtained. . , 
Sour cream is commonly used by Jewish, Slavic, and other peoples of 

eastern Europe. In the larger cities where a considerable proportion of 

the residents are of eastern European extraction, the product is in regu ar 

demand. Where a product of uniform high quality has been prepa , 

many milk dealers have reported success in introducing it and hav 

observed an increased demand even among American consumers. 

Cultured cream is used in salads, soups, and as a dressing for hot 

and cold vegetables. It is also used on roasts and baked fish and by 

some classes as a spread in place of butter. flav a 

In manufacturing sour cream, it is impor an . teristics of a 

=£ t SIS. S 
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that it will be homogeneous throughout, and that no ‘ wheying off will 

be evident. 
Processing Procedure.—Sour cream should be prepared from fresh 

cream equal in quality to that sold as market cream. The cream should 
contain at least 20 per cent fat. It should be pasteurized at 180°F. for 
30 minutes and homogenized or viscolizcd at this temperature with a 
pressure of 2,000 to 2,500 pounds. It should then be cooled to 70°F. 
as it leaves the pasteurizer and is drawn into a clean sterile vat or cans. 
A good quality of starter should next be added at the rate of 1 to 3 per 
cent, and this should be mixed thoroughly with the cream. 

At this stage of the process the inoculated cream may be filled into 
straight-sided widemouthed retail jars or into large cans and placed in 
an incubator room where the temperature is carefully maintained between 
G8 and 72°F. It is recommended that the cream be held in the incubator 
for 12 to 14 hours until the acidity reaches 0.60 to 0.65 per cent. The con¬ 
tainers should not be disturbed before the ripening is completed. The 
cream is then cooled as rapidly as possible to 40°F. or below. The jars 
may be filled with a regular milk-bottling machine if special wide rubbers 
are used On the valves. When the cream is cultured in the jars, there is 
less tendency for the product to form whey on the surface, and the sour 
cream has a glistening appearance on the surface which is preferred by 
certain consumers. 

The cream in large cans should be stirred and then poured into smaller 
containers. Widemouthed fiber cartons of the cottage-cheese type may 
be used. 4 hese may be filled with a regular cottage-cheese-packaging 
machine. All of the cream should be aged in the cold room for 16 to 20 
hours before delivery. 

Doan and Dahle,48 studying the manufacturing procedures for com¬ 
mercial sour cream, reported its preparation from unhomogenized cream 
when a homogenizer is not available or where homogenization is not per¬ 
mitted. They used gelatin and rennet and added milk solids to different 
lots of cream in an attempt to improve the body of sour cream with these 
substances rather than with extra fat. Their conclusion was that none 
of the methods they studied for increasing thickness of body of sour cream 

made from unhomogenized cream can be substituted for viscolization or 
homogenization when the best quality of bodv is desired 

SOFT-CURD MILK 

soft curd when coagulated in the stomach and i 
and is apparently more quickly 
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digested by infants than cow’s milk, which forms a harder curd. Methods 

for modifying cow’s milk for infant feeding include procedures that 

reduce the curd tension; diluting with water, acidification with lactic or 

other acid, and boiling will all reduce the curd tension of milk. 

Hill,49 investigating the variations in the curd tension of the milk 

of individual cows, found that they vary widely. Doan50 recently 

reviewed the literature and reports that the milk of normal individual 

cows varies in curd tension between 15 and 150 grams, the average being 

between 50 and 60 grams. It is now customary to designate a milk as 

soft-curd milk when the curd tension is 30 grams or less. 

Methods of Determining Curd Tension.—The first method for deter¬ 

mining the curd character of milk was proposed by Hill.49 The method 

consisted in coagulating milk with a calcium chloride-pepsin reagent 

under standard conditions. A multibladed knife was placed in the 

milk before the coagulant was added; after a definite coagulating interval 

the knife was pulled through the curd. The force required, as measured 

by a spring balance, was known as the “curd tension.” The method 

has been modified by a number of workers and more recently by a com¬ 

mittee of the American Dairy Science Association. According to Doan50 

the committee adopted the following tentative procedure: 

The coagulant consists of 0.1 N hydrochloric acid with 0.45 per cent 

pepsin. Ten milliliters of the coagulant, tempered to 95°F., is placed 

in a 250-milliliter beaker or an 8-ounce mayonnaise jar. The milk is 

tempered to 95°F.; then 100 milliliters is added to the coagulant by 

means of a 100-milliliter pipette. The tip of the pipette must be removed 

so that it drains water in 4.5 seconds. The milk is added by holding 

the pipette vertically over the beaker and blowing it into the coagulant 

in approximately 2 seconds, with no further agitation. The coagulation 

interval is 10 minutes, and the temperature 95°F. ± 1°F. The test 

requires the use of a knife of similar design to that used in the American 

Curd-O-meter, with the same linear cutting surface. Any instrument 

may be used that embodies an automatic movement of either the knife 

or the receptacle, provided that the rate be approximately 1 inch m 

5 seconds. The result must be reported as the average of two or more 

maximum readings that check within 10 per cent. 
Chambers and Wolman51 have used the curd-particle s!Ze when m 

is coagulated in “artificial stomachs” as an index of the digestibility 

of milk, rather than the curd tension as described above. Arter com- 

oaring the digestibility of soft-curd milks in vitro, Doan and Flo 

concluded that “curd particle size apparently would be a more accurate 

'n<^Differmces'between ^oft- 'and" Hard^urd UMilk™—dffeisberg, John- 

aon fnd McCollum” studied soft-curd milk from a physicochemica 
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standpoint and concluded that the colloidally dispersed phase differenti- 

ates a^soft-curd from a hard curd milk. That is, the fat, the casern, and 

the calcium phosphates by reason of their concentration and manna o 

dispersion seem to control the curd character. These workers outlined 

the following mechanism by which these constituents determine it 

curd character: 

The hard curd milk containing more casein should furnish more coagulating 
centers after peptic action and hence give a more rapid coagulation. In such 
event the micelles of casein would probably form a closely woven network from 
which the water would be squeezed out, resulting in a rather dense mass. ie 
soft curd milk on the other hand having less casein would furnish fewer coagu¬ 
lating centers; the micelles would extend farther before interlocking so that a 

relatively loose structure would result. 
The colloidal calcium phosphates severed from the protecting action of the 

casein by the pepsin in themselves may furnish coagulating centers, hence the 
greater the concentration of calcium phosphates, the more rapid the coagulation, 
the more compact the micellar structure, and the harder curded the milk. 

The fat may contribute to the determination of the curd character by inter¬ 
rupting the growth of the micellar threads of protein and so modify the structure. 
It will be apparent from this viewpoint that the manner in which the fat is 
dispersed would be as important as its concentration. Another possibility is 
that the amount of protein adsorbed by the fat varies considerably from indi¬ 
vidual milk to milk and that this influences the micellar structure which results 
from peptic coagulation. 

Doan50 points out that this mechanism is 

. . . compatible with the actions involved in reducing the curd tension by 
various processes and modifications, if the necessity for calcium ions to render the 
para-caseinate insoluble is stressed and if the effect of previous coagulation or 
denaturation of casein and its influence on enzyme action is considered. 

Methods of Preparing Soft-curd Milk.—A number of methods are 

available for the preparation of soft-curd milk. With the exception 

of the first method discussed, they require special processing procedures, 

the addition of enzymes or salts to milk, or the removal of calcium and 

phosphorus by base exchange. Because certain of the methods are not 

h gcvl m many cities, the status of any contemplated procedure should be 

determined before the commercial preparation of soft-curd milk is 
undertaken. 

Health departments have been inclined to oppose the addition of any 

foreign substance to milk by dealers. The use of special formulas for 

infants is the responsibility of the medical profession, and it is doubtful 

whether milk distributors should undertake to prepare or distribute such 
special milk products. 
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1. Natural Soft-curd Milk.—Normal individual cow’s milk will vary 

in curd tension; and because this is apparently a fairly constant char¬ 

acteristic, it is possible to test cows and assemble a herd that will produce 

milk with a curd tension of 30 grams or lower. Certain cows in all 

breeds of dairy cattle produce naturally soft curd milk. Holeteins, 

however, more commonly produce soft-curd milk, followed in order by 

the Ayrshires, Brown Swiss, Guernseys, and Jerseys.50 Natural soft 

curd milk is invariably low in total solids, solids-not-fat, and fat. The 

curd tension of the milk of individual cows will vary somewhat because 

of changes in composition that accompany the stage of lactation, the 

season of year, and the other causes mentioned in Chap. II as influencing 

the fat and solids-not-fat content of milk. 

Subclinical mastitis infections of the udder cause a drop in the curd 

tension of milk of the infected udder or quarters, the amount varying 

with the degree of infection.50 Since udder infections lower the curd 

tension of milk, it is especially important that cows selected for producing 

natural soft-curd milk be free from mastitis. 

2. Heat Treatment.—The curd tension of milk is lowered by heat treat¬ 

ment considerably above the temperatures used in pasteurization. Mod¬ 

ified milk for infant feeding is usually heated to the boiling point. This 

procedure reduces bacteria content and produces soft-curd milk. Evap¬ 

orated milk, because of its heat treatment and because it is homogenized, 

frequently exhibits no curd tension. This fact accounts foi much of 

the increased use of evaporated milk for infants. To meet this compe¬ 

tition, milk dealers have attempted to find practical procedures for 

altering the curd character of fresh milk. 
3 Homogenization.—Homogenization markedly reduces the curd 

tension of milk. Pressures of 2,500 to 3,000 are used for marked reduc¬ 

tions As Doan50 points out, the effects of homogenization vary with the 

curd tension of the milk processed, the fat content, the pressure used 

and the auxiliary heat treatment. Theophilus, Hansen, and Spencer 

found that homogenization at pressures of 500, 1,000, or 2,000 pounds 

reduced the curd tension of milk approximately 25, 46, and 53 pei cent, 

respectively. Hard-curd milk was not reduced to n tension be ow 

30 grams, but medium-curd milk became soft-curd milk. Doan ai 

Welch65 report that the curd tension is reduced to a greater degree 

when the milk is cooled to 100 to 120°F. before processing rathe, ha 

homogenized at the preheating or pasteurizing tempeiatur . 

two-stasc homogenization is of no advantage. 
The cmd tension may likewise be reduced by “some” homoge.nza- 

iWn£ Base-exchange Treatments This process c0,'sists '^ut^O per 
acidified with citric acid, through a zeolite filter bod in which about 20 per 
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cent of the ionic calcium and phosphorus are exchanged for sodium and 
potassium. The product is marketed under the name Sof-Kurd Milk. 
The curd tension of such milk will usually range from 0 to 10 grams 
with the hydrochloric acid-pepsin reagent. The Hill test naturally 
will not indicate the reduction of curd tension in this product, for calcium 

is added with the pepsin. * 
5. Enzyme Treatment.—When milk is acted upon under controlled 

conditions by certain proteolytic enzymes such as trypsin, the curd 
tension is reduced. The treatment is essentially a precoagulation, 
possibly combined with some denaturation and decomposition of the 
protein. According to Doan50 the “effect on a subsequent gastric 
coagulation is probably not dissimilar from that obtained with acidifica¬ 
tion, renneting or high heat treatment.” 

The procedure of Conquest, Turner, and Reynolds66 for producing 
soft-«ird milk by the addition of a pancreatic concentration is as follows: 
The pancreatic concentrate is added to the milk at the rate of 1 to 10,000. 
The finely ground powder is diluted with enough water so that there are 
no large particles remaining on the surface. The diluted preparation 
is then added to the milk and allowed to act for 15 minutes at a tempera¬ 
ture of 109.4°F. (43°C.). The milk is then pasteurized either by the 
holding or by the high-temperature short-time method. 

6. Addition of Salts.—The curd tension of milk may be lowered by 
the addition of the following salts: sodium citrate, sodium pyrophosphate, 
sodium hexametaphosphate,57 and sodium metaphosphate.58 Tracy and 
Corbett report that the first three sodium salts mentioned will perma¬ 
nently reduce the curd tension of milk. They point out, however, that 
further nutritional studies are required before the product can be recom¬ 
mended for adoption by the dairy industry. A lower curd tension was 
obsei\ cd when the salts were added to the cooled milk after pasteurization. 

Schwartz and his coworkers68 added sodium metaphosphate to cold 
raw or pasteurized milk at the rate of 41 milligrams to 100 milliliters 
to prevent curd formation when the milk was treated with a pepsin- 
hydrochloric acid coagulant. 

Status of Soft-curd Milk.—The logical market for soft-curd milk is 
for infants and individuals who may not be able to use hard-curd 
milk. Doan50 iS 0f the opinion that the available information on the 
digestibility of natural, processed, and modified soft-curd milk is inade- 
quate to be conduce; The natural soft-curd milk is apparently more 
suitable for infant feeding than either normal or hard-curd milk ‘ Doan 
however, raises the question whether it is sufficiently more easily digested 
o warrant its production, in that it does not seem to offer any definite 

advantage over the usual procedures of using evaDorated i 
boiled milk for infants. The processed 
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further study. The feeding of infants and invalids is the problem of the 

medical profession, and the dairy industry should be guided by their 

opinion when considering the distribution of soft-curd milk. 

COTTAGE CHEESE 

Marked commercial expansion of cottage-cheese manufacture dates 

from 1918, when the U.S. Department of Agriculture promoted its 

manufacture and use as a means of more fully conserving skim milk for 

human food during the First World War. It is now generally used in 

this country. Methods of manufacture have been improved, and there 

are now a general demand and an extensive use of the product. 

Cottage cheese is commonly made and distributed by market-milk- 

plant operators. Surplus milk is generally separated and the cream 

used as sweet cream or for manufactured dairy products. The* skim 

milk can be best utilized for the making of cottage cheese. It is easily 

processed; and because it must be consumed within a few days after 

manufacture, it can be quickly sold to consumers through retail and 

wholesale delivery routes and thus can reach the trade in a fresh condition. 

Quality of Milk.—Milk of good quality is necessary for the manufac¬ 

ture of uniform cheese. The acidity must be low, preferably not above 

0.18 per cent. The milk should have a good flavor and be free from 

feed and weed odors. Milk suitable for direct consumption will usually 

meet these requirements. 
Pasteurization of the Milk.—After separation, the skim milk should 

be pasteurized as soon as possible by the holding method 145°F. for 

30 minutes. The holding method is recommended if the casein is 

coagulated by the use of a starter. 
If the holding capacity for skim milk is limited and rennet is used in 

addition to a starter, then pasteurization at 170°F. for 15 seconds would 

be satisfactory provided that a grade A quality of skim milk is used. 

It should then be cooled to the setting temperature as soon as possible. 

Pasteurization of the skim milk is necessary for the factory production 

of cottage cheese of uniform quality. The holding method is probably 

better for plants with small output, whereas the high-temperature 

short-time method—preferably the regenerative system is more eco- 

nomical in large-scale production. 
Propagation of Starters.—A good starter is necessary m the ma 

facture of cottage cheese. This is prepared by the cheese maker fron 

either liquid or powder cultures purchased from laboratories. 
The propagation of the mother starter and the preparation of bulk 

startere ai/the same as have been described for the preparation of 

churned cultured buttermilk (pages 370 to 676). 
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Method of Manufacture.—The amount of cheese to be manufactured 

will determine the amount of equipment required. A cheese vat (lug. 

133) curd knives, acidity-test apparatus, wooden paddles, strainers, cure 

buckets, and scales will ordinarily be required. Phillips®9 recommends 

the following procedure for making cottage cheese: (1) adding the starter, 

color, and rennet, (2) cutting the curd, (3) heating the curd, (4) drawing 

the whey, (5) washing the curd, (6) salting the curd, (7) ciearning the 

curd, and (8) packaging the cheese. 

Fig. 133—Cottage cheese piled along the sides of the vat for final draining after the 
wash water was drawn out. The stainless-steel vat has been in daily use for 12 years which 
illustrates the durability of this alloy. 

Adding the Starter, Color, and Rennet (Setting).—Starter is added to 

the skim milk at the rate of 0.15 to 5.0 per cent, depending upon the 

activity of the starter, the acidity of the skim milk, the setting tempera¬ 

ture, and the time allowed for coagulation. The addition of a small 

percentage of starter might result in too few lactic-acid-forming bacteria 

>emg present, although excellent results may be secured from the use of 
0.15 per cent of good starter. 

1 he use of a harmless coloring material is permitted in certain states. 

skhTmilk a' thC Tl °f 1 to 2 milliliters for each 1,000 pounds of 
. m milk. I his amount changes the appearance of the finished product 

from a chalky white to the light cream color desired by some markets 
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Ihe Federal Food and Drug Administration has ruled the use of coloring 

in cottage cheese illegal, but its scope of control covers interstate ship¬ 
ments only. 

Two types of cottage curds are manufactured: (1) the acid curd 

without the use of rennet, and (2) the rennet curd. The use of rennet 

is recommended when the skim milk is pasteurized by the high-tempera- 

ture, or flash, method and cooled immediately. The amount of rennet 

necessary depends upon its strength; but, with the best quality, 0.5 to 

1.5 milliliters for each 1,000 pounds of skim milk should be sufficient. 

With the flash system of pasteurization, unless a small amount of 

rennet is used, the curd breaks up during heating, giving a fine-grained 

cheese instead of the coarse, flaky product in more common demand. 

With pasteurization by the holding method, rennet may be used; but 

it is not necessary in order to obtain a coarse, flaky curd. 

When the flash method is used, a small amount of a solution of calcium 

chloride is sometimes added to the skim milk to aid in obtaining a proper 

coagulation. This addition may be beneficial, for a part of the calcium 

salts of the milk may be precipitated or rendered less active during the 

pasteurization process. 

Cutting the Curd.—The firmness of the curd may be observed by 

pressing it with the hand or by inserting a floating thermometer or the 

index finger into the curd diagonally and then raising it slowly, breaking 

the curd. It is difficult, however, to gauge the coagulation from day to 

day when such methods are employed. 
A more uniform product may be obtained when the curd is cut 

according to a definite titratable acidity or hydrogen-ion concentration 

of the whey at the time of cutting. A sample for this purpose may be 

obtained by inserting a strainer in the vat of curd, a short time befoie 

coagulation is completed, in order that the whey may be allowed to seep 

through. . 
In the acid-curd method of manufacture the proper titratable acidity 

of the whey at the time of cutting has been found to be 0.55 per cent.59 

Cutting may be done with knives similar to Cheddar cheese knives, 

horizontal knife cuts curd into slabs, then vertical knife cuts slabs into 

long strips and finally the crosswise cuts them into cubes. In cutting, 

care should be taken to obtain cubes uniform in size. H this is not done, 

difficulty is encountered in heating, for the moisture is expelled at a 

different rate for cubes of different sizes. . . , 
Healing the Curd.—Alter cutting, the jacket of the vat is filled! n 

warm water in case it has not been allowed to remain full during 

coagulation period. The steam valve is then opened, and a small amount 

allowed to flow into the jacket. The 

must be raised slowly in order to prevent a too rapid filming of 
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During heating, the curd should be agitated slowly with a wooden 

paddle to prevent matting. Heating and agitating the curd slowly 

during the first hour are the most important steps in obtaining large, 

flaky particles with smooth, even texture. Excessive agitation should 

not be practiced, or the curd will be broken into small particles. 

After the steam has been allowed to flow slowly for a period of 2 to 

3 hours, depending upon the size of the vat, the temperatuie of the 

curd should be 115 to 130°F. There is no definite rule on the maximum 

temperature, however, for vats of curd are not alike from day to day. 

The temperature should be varied according to the conditions, which 

must be' judged by the operator. When the proper temperature has 

been reached, the steam should then be turned off, and the water drawn 

from the jacket. 
Drawing the Whey (Dipping).—As soon as the curd is firmed properly 

at the heating temperature desired, the drain valve is opened, and the 

whey is drawn as quickly as possible. No definite rule or test can be 

applied as to the proper firmness of the curd; this knowledge must be 

gained by experience. Some cheese makers dip a handful of curd into 

cold water and observe its consistency after cooling. Regardless of the 

method used in determining when to draw the whey, time for draining 

must be allowed for so that the curd will not become too firm. 

Washing the Curd.—The curd is washed with cold water as soon as the 

whey is drawn. One method is to run pure cold water into the vat con¬ 

taining the curd. This serves to cool it immediately and reduces the 

acidity. With this practice, two or more washings are necessary in 

order to produce mild-flavored cheese. The temperature of the wash 

water is sometimes varied, each successive volume of water being colder 
than the preceding one. 

Salting the Curd.—When the curd is washed in the vat, the last wash 

water is allowed to drain off thoroughly by trenching the curd (Fig. 133). 

The curd is then spread over the bottom of the vat, and salt is added in 

two or three applications, each addition being stirred in. The amount 

of salt ^addcd depends upon the market demands and usually varies 
from 0.75 to 1.5 pounds for each 100 pounds of curd. 

Creaming the Curd.—Creamed cottage cheese should have sufficient 

pure, fresh, pasteurized sweet cream added so that the finished product 
contains not less than 4 per cent of pure milk fat. 

Uncteamed cheese usually contains about 0.50 per cent milk fat 

1 Ins ml vary depending upon the efficiency of the separator in skimming 

the whole milk. Enough cream must be added to give the fat content 
required in the market where the product is sold. 

1 !t'W. T he yield of cottage cheese will vary from 13 to 18 pounds 

for each 100 pounds of skim milk, depending upon the solids content 
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of the skim milk, the amount of moisture retained in the cheese, and the 

mechanical losses during the manufacturing process. Cheese made from 

milk containing 4 per cent fat will usually have an average yield of about 

15 pounds per 100 pounds of milk. 
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CHAPTER XX 

THE DISTRIBUTION OF MILK 

The success of a market-milk enterprise largely depends upon efficient 

distribution of the processed commodities. As was shown in Chap. XII, 

the average cost of processing milk is about 1 cent a quart. Retail 

distribution costs 4 to 5 cents; wholesale about 2 to 3 cents. Evidently, 

then, because the cost of distribution is several times that of processing, 

greater savings are possible in distribution. 

Distribution facilities consist of (1) the physical equipment and per¬ 

sonnel required for transporting the products from the milk-storage 

room to the householder or the wholesale purchaser, (2) sales-promotion 

personnel, such as solicitors and salesmen, and (3) advertising (news¬ 

paper, billboard, radio, and the like). 

A successful distribution program requires (1) a product of high 

quality, (2) an attractive package, (3) neat and courteous route salesmen, 

(4) delivery equipment of pleasing appearance, (5) efficient use of men 

and equipment, and (6) effective advertising. 

CONTAINERS FOR MILK 

Before the introduction of the glass milk bottle in 188G, retail milk 

was carried on the routes in cans. The customers provided containers 

into which the route man poured the milk after filling a measure from the 

bulk supply. Ibis insanitary method was displaced by the glass milk 

bottle. In recent years, single-service fiber containers have also been 
developed for use by stores. 

Glass Milk Bottles. Glass bottles, for many years, were made in a 

conventional form that differed little from that of the first bottles manu¬ 

factured. In recent years, there have been two major changes: (1) 
applied color and (2) decrease in bottle weight. 

Other changes have been: (1) bottles specially designed to facilitate 

the removal of the cream layer and (2) bottles with narrower mouths to 

accommodate special closures or to conserve the use of closure materials. 

1 ,t\VVl'el\ , C°lor has lmProwd the appearance of the milk 
bottle and has made possible its use to advertise the dairy and to stress 

he benefits of milk drinking. Careful consideration should be ^ 

to he colors, advertising, and slogans that appear upon the bottles A 

well-chosen color-and-word combination is an advertising asset, whereas 
413 
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a poor combination is not pleasing and may create an unfavorable 
impression. 

As mentioned in Chap. XIII, the strength of the caustic solutions 

used in bottle washers and soakers must be carefully controlled to avoid 

fading or removing the applied color. 

Fig. 134.—Bottles with applied color. 
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Figure 134 shows bottles with applied color. 
Lightweight Glass Bottles.-For many years the standard gUss; m 

bottle weighed about 26 ounces. Research has made possible the p 

auction of a sturdy 22-ounce bottle. This decrease in weight has at 
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resulted in the adoption of lighter weight crates. The combined weight 
reduction has lightened the retail loads about 23 per cent. In 1940 a 
newly designed quart bottle weighing 17.75 ounces was introduced 
(Fig. 135). The new bottle permitted further weight reductions in 
crates and of the entire retail load. It has the same diameter as the 
standard quart bottle but is 1 inch shorter, the volume being made up by 
filling out the neck. Besides the decrease in weight the cost per bottle 

has been decreased about 0.5 cent. 
Factors Influencing the Number of Trips per Bottle—In 1937, milk 

dealers purchased about $12,500,000 worth of bottles, largely to replace 

those lost or broken.1 
The number of times a bottle may be refilled and delivered depends 

upon many factors. Among the most important are: (1) the system 
us ?d to encourage retail-route drivers to return the bottles, (2) the type 
oi bottle used for store trade, (3) care in handling bottles on routes and 

in the plant, and (4) bottle exchange. 
Methods of Securing Return of Bottles from Retail Routes.-—Many 

different systems are used to encourage drivers to collect as many empty 
bottles as possible. Some common ones are as follows: (1) Drivers 
are charged with all bottles taken out and credited with bottles returned. 
(2) Drivers are not charged with bottles but are given a certain fee 
for each bottle returned. (3) Prizes are given to drivers returning the 
greatest percentage of bottles. 

Store Bottles.—When the same type of bottle is used for retail and 
store trade, it is difficult to charge a deposit for bottles taken from stores, 
for many delivered in retail trade will be returned to stores for credit. 
If this system is used, tickets should accompany each store bottle. At 
best, this system is not advisable: it may create friction between the 
storekeeper and his customers, the tickets are often lost, and the grocer 
is forced to return the deposit on many bottles not originally taken from 
the store. Also, the tickets become soiled, worn, and unattractive. 

The dealer may have a distinctive store bottle, or the dealers may 
unite in using a so-called “universal” store bottle in a particular city. 
The latter system apparently is better than the individual-dealer bottle. 

The amount of the deposit has a great influence on the number of 
trips secured per bottle. Table 80 presents data on costs when no 
deposit was charged and when 1- and 3-cent deposits were charged. 

When no deposit is required or when it is as low as 1 cent, the cus¬ 
tomer will make no effort to return the bottle. The loss of bottles in 
a store and retail trade is much more important than losses due to 
meakage on the route or in the milk plant. 

Care in Handling Bottles on the Route and in the Plant.—Many bottles 
are chipped and broken by careless or improper handling on routes or 



416 THE MARKET-MILK INDUSTRY 

in the plant. Careless stacking on trucks probably causes most of the 

damage on routes. Piling bottles in filled crates and putting other 

crates on these should be avoided, since the lips of bottles thus handled 

are easily chipped. The driver should carry extra crates in which to 

put any excess bottles he may collect. Chipping of lips is more apt to 

occur on routes or in stores and homes than in the plant.3 

Table 80.—Influence of Amount of Bottle Deposit on Universal Store 

Bottles on Cost per Trip2 

3-cent 1-cent No 

deposit deposit deposit 

5.2215 5.2215 5.2211 

60.42 35.79 9 

0.0864 0.1459 0.5802 

Cost per bottle, cents 

Trips per bottle. 

Cost per trip, cents. . 

In plants the common cause of bottle breakage is improper handling 

on conveyers. As Clement, Bain, and Grant3 have shown, the bottle 

breakage is greater when the washing and filling are done on different 

floors than when they are done on one floor. Breakage is usually 

heavier when the transfer from floor to floor is by gravity conveyers 

rather than by power-controlled conveyers. ^\hen gravity conveyers 

are used, automatic stops should be placed at points where cases are 

most liable to be jammed. Steep inclines and sharp curves on gravity 

conveyers tend to increase breakage. Breakage is likely to be lowest 

when the bottles go directly from the checking-in platform to the washers 

and then to the fillers without being first stacked in storage. The 

condition of the crates is important; slack cross wires and sagging bottoms 

breaking on conveyers or when the crates are stacked. 
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Average Number of Trips per Bottle.—The literature contains many 

data on the life of milk bottles. Obviously, the number of trips will 

depend upon the factors just discussed and may vary for each survey. 

Clement4 has extensively analyzed the problem. The average life of tin; 

bottle at the plants he studied was 34.58 trips. The actual lange was 

6 to 91 trips; the most common range, between 20 and 30. Many of the 

plant operators were members of milk-bottle exchanges. Table 81 

shows the influence of different systems for securing the return of bottle 

on the number of trips. 

Table 81.—Influence of Method of Securing the Return of Milk Bottles 

upon the Number of Trips4 

Method used to secure return of bottles 
Number of 

plants 

Trips per 

bottle 

Were members of a bottle exchange. 78 30.25 

Bottles pooled and stray bottles used. 6 47.32 

Bottles charged to drivers and also pooled in many of the 

plants. 17 57.13 

Drivers paid a commission on all bottles returned. 20 43.07 

No commission to drivers. 58 25.82 

Store bottles charged for. 32 41.30 
Store bottles not used. 46 22.55 
Drivers paid a commission, charged for store bottles, and 

were members of a bottle exchange. 13 51.03 

The last system mentioned in Table 81 is probably the best one for 

most milk plants. When the drivers are paid a commission on return of 

bottles, they have an incentive to pick up all bottles possible and to 

lemind customers to put them out for collection. The commission 

paid should be sufficient to encourage the driver to return as many 

bottles as possible, but not so high as to tempt him to pick up the bottles 

of other drivers. If store bottles are charged for at a rate that will 

encourage customers to return them, one source of the greatest loss of 

bottles will be practically eliminated. An efficiently operated exchange 

will aid in preventing the misuse of bottles and will return large numbers 

that have gone astray. And finally the customer should be educated: 

he should learn that the bottles are valuable and that they belong to the 
dealer. 

Bottle Closures. Closures for glass bottles are of several kinds and 

—• 1,lgure 136 shows various types of paper eap used for milk 

The plug cap, consisting of a paraffined fiber disk that fits into the 

cap scat was the most common closure until recent years. This type of 

closure does not, however, protect the pouring lip; and the tendency now 
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is to use closures that do give this protection. Figure 137 shows such 

closures. Bottle 1 in Fig. 137 has a cap that covers the pouring lip 

but is not permanently sealed in place. The other closures shown in the 

figure are sealed. All the latter caps except 7 and 9 have plug caps 

(ROM * 

Fig. 13G.—Different types and sizes of bottle closures in common use 

under the sealing closure. The cap on bottle 4 is cellophane-sealed in 

place by a pasted paper strip; that on bottle 7 is a paper-lined metal cap 

crimped in place on a special bottle; and that on bottle 9 is aluminum 

foil All the closures shown in Fig. 137 require special capping machines. 

Fig. 137.—Different types i.Tpwer-liiied metal disk 

-■»>.. 
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They are made of wood-pulp paperboard, waterproofed and sterilized 

with hot paraffin. 
. Figure 138 shows three common types of paper milk container. 

Many others are available. 
When these containers were first proposed, health officials were 

reluctant to grant permits for their use because, the sanitary qualities 

of the containers had not been determined. In recent years, however, 

many investigations have shown that fiber containers can be practically 

sterile, as shown by the rinse or incubation tests. The rinse test con¬ 

sists in introducing sterile water into the containers, shaking to cover 

Fig. 138.—Three types of single-service fiber milk containers. Many others are available. 

all surfaces, and plating an aliquot of the rinse water. The incubation 

tests consist in introducing nutrient agar into the package, shaking to 

cover all surfaces, and incubating the carton at 37°C. for 48 hours. 

The carton is then opened and inspected to see whether bacterial colonies 

have developed on the agar. Mudge. and Foord5 have refined on this 

technique, introducing the agar by means of a sterile hypodermic syringe 

to avoid possible contamination during the opening of the package to 

introduce the agar. About 80 to 90 per cent of the packages showed no 

growth by this procedure, and the others generally showed growth that 
ranged from 1 to 5 colonies. 

The pulp, however, contains more bacteria than the tests mentioned 

indicate, the paraffin preventing their entry into the milk Because 

it ,s desirable to keep the count of the pulp as low as possible, standards 

more than 2rn in°r U"t the disinteS™ted pulp contain no 
more than 2o0 bacteria per gram. Many paper mills produce pulp 
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with less than 100 bacteria per gram.6 Sound, virgin wood pulp must he 

used in making fiber milk containers. 

Some advantages claimed for fiber containers are as follows: (1) 

Customers do not have the trouble of washing bottles and returning them 

to stores. (2) Grocers find them more convenient than glass bottles. 

(3) No container deposit is required. (4) Delivery costs are less 

because lighter weight and more compact shape permit handling more 

milk on routes, sorting and returning of empty bottles are eliminated, 

and less time is required for routes to check in. (5) Bottle washing 

in the plant is eliminated. 

Some disadvantages or objections to the fiber containers are as 

follows: (1) The cream line and the color of the milk are not visible. (2) 

It is hard to remove the cream. (3) It is impossible for the customer to 

inspect milk for sediment. 
Comparison of Cost of Distributing in Glass and Fiber Containers.— 

The literature contains few data on the costs of distributing milk in 

fiber containers. Vehlow7 has probably made the most intensive study— 

an investigation for determining minimum resale prices of milk in glass 

and paper containers in California. Factors affecting processing expense 

for glass-bottle and fiber-container operation per quart of milk are 

compared in Table 82. 

Table 82.—A Comparison of Factors Affecting Processing Expense for 

Glass-bottle and Fiber-container Operations per Quart of Milk7 

Items of expense 

Filling and washing. 

Cold-room labor. 

General plant labor. 

Container cost. 

Fuel, power, and water. 

Repairs. 

Depreciation. 

Case expense. 

Taxes, license, and insurance. 

Miscellaneous expense. 

Total of factors affecting fiber and 

glass processing expense. 

The processing expenses included container cost, 

cates that this factor was largely responsible loi it 

All-glass 

operation, 

cents 

All-fiber 

operation 

(type B), 

cents 

0.1428 0.1015 

0.0296 0.0960 

0.1845 0.0476 

0.2478 0.8970 

0.1205 0.0862 

0.0370 0.1072 

0.0529 0.1833 

0.0204 0.0337 

0.0067 0.0374 

0.0108 0.1217 

0.8530 1.7116 

Dual operation 

Fiber 

(type C) 

cents 

0.0828 

1.633 

0.0822 

1.3568 

0.0597 

0.0374 

0.0415 

0.0283 

0.0146 

0.0056 

1.8722 

Glass, 

cents 

0.1433 

0.0326 

0.1361 

0.1880 

0.0597 

0.0397 

0.0513 

0.0380 

0.0292 

0 0056 

0.7245 

and the table indi- 

greatcr cost of fiber 
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over glass-bottle operation. Washing and filling, fuel, power, and light 

expense are less for fiber operation because of the elimination of bottle 

washing. General plant labor is likewise reduced with fiber operation. 

The factors affecting delivery expense for glass and fiber operation 

are compared in Table 83. The data presented in this table illustrate the 

Table 83.—A Comparison of Factors Affecting Delivery Expense Relating 

to Fiber and Glass Quart Milk Containers 

(4 Los Angeles Milk-distributing Plants during 19397) 

Items of expense 

All-glass 

operation, 

cents 

All-fiber 

operation 

(type B), 

cents 

Dual operation 

Fiber 

(type C), 

cents 

Glass, 

cents 

Loading and checking. 0.1608 0.1784 0.0658 0.1315 

Route delivery labor. 0.5938 0.2273 0.4100 0.6241 

Truck expense. 0.2700 0.1811 0.1752 0.3118 

Ice. 0.0561 0 0601 

Power, water, and light. 0.0081 0.0022 0.0030 0.0059 

Taxes, license, and insurance. 0.0163 0.0119 0.0301 0.0099 

Total of factors affecting fiber and 

glass delivery expense. 1.1051 0.6009 0.6841 1.1433 

lower delivery costs for fiber operation, due largely to lower route delivery 

labor and truck expense per quart. 

Table 84. A Comparison of Total Factors Affecting Combined Processing 

and Delivery Expense Relating to Fiber and Glass Containers 

(4 Los Angeles Milk-distributing Plants7) 

Items of expense 
All-glass 

operation, 

cents 

All-fiber 

operation 

(type B), 

cents 

Dual operation 

Fiber 

(type C), 

cents 

Glass, 

cents 

Factors affecting processing (includ¬ 

ing container expense). 0.8530 

1.1051 
1.7116 

0.6009 
1.8722 

0.6841 
0.7245 

1.1433 
Factors affecting delivery expense. 

Total cost.... 1.9581 

0.3 

2.3125 

544 

2.5563 1.8678 
Costs of fiber (type B) over glass 

operation ... 

Costs of fiber (type C) over glass for 

dual operation. . . 

1 
0.0885 

| 
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The combined factors affecting processing and delivery costs for fiber 

and glass operations are tabulated in Table 84. Judging from these 

results, the saving in delivery cost from fiber operation is more than 

offset by the increased processing cost, largety because of the cost of the 

fiber containers. Container costs are compared in Table 85. 

Table 85.—A Comparison of Milk-container Costs7 (Quarts) 

Item 

Fiber® 

(type A), 

cents 

Fiber1 

(type B), 

cents 

Fiberc 

(type C), 

cents 

Glass/ 

no deposit, 

cents 

Glass," 

1-cent 

deposit, 

cents 

1.574 0.7250 1.2680 0.9702 0.1620 

0.435 0.435 0.435 

0.0070 

0.2659 0.0396 

0.072 

0.1428 

Royalty on equipment. . 

Unftlp pvrthnne'R. 

0.0959 0.0274 

Freight. 0.0378 0.0210 0.0280 

Total . 1.6553 1.0469 1.3304 1.2796 0.2451 

a Delivered price—carlots—f.o.b. San brancisco. 

b F.o.b. factory cost in quantities of 1 million cartons, 

e F.o.b. factory cost in quantities of 250,000 cartons. 

d Container cost, 1938, Sacramento, seven trips per container. 

« Container cost, 1939, Plant B, Los Angeles, 43 trips per container. 

In certain markets the fat content of milk packaged in fiber containers 

has been reduced to the minimum permitted by local health regulations 

to offset the higher container costs. In large plants specially designed to 

handle paper containers the costs of processing exclusive of container cost 

mav be less than those indicated in Vehlow’s report.* The single,-™ 
fiber container is being accepted by stores and consumers, and in certain 

markets 50 to 00 per cent of the store milk is sold in these containers. 

MILK DELIVERY 

Horses and wagons, electric trucks, and of 
•11 r The tvpe of equipment is influenced by tne iengm 

Krrii A wagons equipped with pneumatic 



423 the distribution of milk 

rubber tires to reduce noise. Figure 139 illustrates a rubber-tired delivery 

wagon. Trucks haul milk to branches. 
Electric Truck.—Electric trucks may be used where the routes are 

longer than can be served by hor^-drawn equipment. Two types o 

electric truck are available: (1) the storage-battery type and (2) gasoline- 

motor generators installed in the truck. With the first type the storage 

batteries are charged in the garage while the trucks are idle. II the charg¬ 

ing can be done during periods when the demand for electricity is low, 

Fig. 139.—Milk wagon equipped with pneumatic tires. The horse is shod with rubber 
shoes. Such equipment reduces noise. (Courtesy of Brock-Hall Dairy Company.) 

special rates can often be obtained. A\ ith the second type of equipment 

the batteries are not charged in the garage; the electricity is generated as 
required. 

Gasoline Truck, lhe gasoline motor truck is used for longer retail 

routes and in many markets has entirely replaced the horse. Several 

types are used. The body should be enclosed to protect the milk from 

dust and sunlight. If extremely cold winters are the rule, insulated trucks 

will prevent milk from freezing. Three different systems are used for 

keeping milk cold on the routes: (1) The bottle crates may be iced 

d hese trucks may have either a closed or an enclosed and insulated body 

(2) Brine pads may be cooled by refrigerant from a central cooling 

station m the garage. (3) Refrigeration units installed in the trucks 

may be operated by the truck motor or plugged into an electric line in 

the garage. When ice is used, the cost for refrigerating a load of 300 

quarts may be calculated as follows: if Flakice or Pakice is used ice 



424 THE MARKET-MILK INDUSTRY 

will cost about $1.50 per ton. About 10 pounds of ice will be used per 

crate, or 250 pounds for 25 crates. The ice cost therefore is 18.7 cents. 

When system 2 is used, the cost is about 10 cents per day if the brine 

pad is cooled from a central ammonia system. With system 3 the cost is 

about 20 cents if the brine is cooled by an individual compressor. Figure 

140 shows the interior of a truck cooled by a brine pad that is connected 

to a central ammonia system. Figure 141 shows the exterior of the 

same truck. Note the door to the refrigerated body, permitting the 

Fig. 140.—Interior of a milk-delivery truck. The milk is refrigerated by the brine pad 

ocated at the top of the compartment. The brine is cooled during the night by being 
hooked into a central ammonia system in the garage. (Courtesy of Peter Wendell and 60ns.) 

driver to reach the milk from the front compartment. This truck is 

reported to maintain a temperature of 45°F. in the body when the 

door is opened about 150 times during deliveiy. 
The tendency in truck design is to lower the driving compartment so 

that the driver may enter in one step. 
Appearance of Delivery Equipment.—The delivery equipment sho 

be kept clean and well repaired. A dirty truck or dingily painted wag 

is not a good advertisement. Horses should be clean, well groomed and in 

good flesh. Drivers should treat the horses well lest unfavorable com- 

ment be made. 
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The lettering on the delivery equipment may advertise the firm and 

its products. Panels may hold advertising cards, which may be changed 

each week to advertise different products or to emphasize the food values 

in milk. 
Appearance of Drivers.—The driver will present a better appearance 

if he wears an attractive, conservative uniform, clean and in good repair. 

For the purchase and maintenance of uniforms, different systems are 

used. The usual arrangement is for the drivers to provide their own uni¬ 

forms; there is then more incentive to take care of them. The company 

may contract with a uniform manufacturer or wholesale distributor to 

Fic». 141. The exterior of the truck shown in Fig. 140. The door in the driver's com¬ 
partment permits him to remove milk from the refrigerated body. (Courtesy of Peter 
Wendell and Sons.) 

supply all uniforms. The company usually sells these to the employees 

at cost. Laundering, emblems, and trade-mark insignia are usually paid 
for by the company. 

Many dealers require that drivers shave each day, shine their shoes, 

and have clean hands and fingernails. It is a good plan to install a large 

mirioi in the salesmen’s room so that the route men may see themselves 

as the customers see them. Clean-cut, neat, attractively uniformed route 
salesmen are a definite asset. 

Training of Route Salesmen.—Besides being deliverymen, drivers of 

m.lk routes must also be salesmen. They should be given training for 

heir job perhaps by a sales supervisor. The training may cover (1) 

traffic laws and courtesies of the road, (2) personal appearance, (3) meth¬ 

ods of handling customer complaints, (4) proper approach in interviewing 

the prospective customer, (5) nutrition and food values in milk and 
milk products, and (6) the processing of milk. 
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Route Organization.—The route organization varies with the size and 

type of business. In the small plant the same drivers and trucks may 

deliver both wholesale and retail. In larger organizations, wholesale and 

retail distribution are usually handled by separate personnel. Recently, 

many milk plants have confined their distribution to wholesale only. 

The route salesmen are usually supervised by a route foreman. The 

foreman may have six routes under his direction and may#also serve as 

the relief driver. In this case, he must know the territory served by the 

six men. He, rather than the former driver, usually breaks in the new 

drivers in order that the men may receive uniform instruction. In some 

systems, a foreman has 18 or more routes, with relief drivers to handle 

the routes during vacations and the days the regular drivers are off. 

With this system the foremen have more time to check up on the route 

men and to increase the efficiency. 
In large organizations a supervisor directs the work of several fore¬ 

men ; and an executive in charge of retail sales is responsible for all retail 

activities, drivers, foremen, supervisors, and solicitors. 

Wholesale routes handle larger volumes and have fewer stops than do 

retail routes. Often the drivers deliver milk but do not take orders and 

collect. Salesmen are usually employed for the latter purpose. Where 

there are few stops, with large amounts of milk delivered at each stop, 

helpers may assist the driver in unloading. The entire wholesale activity 

may be directed by an executive, who may be known as an assistant sales 

manager. The sales manager usually directs both wholesale and retail 

distribution and advertising. 

Table 86.-Retail Route Operations Showing Labor Units and Functional 

Time9 

(4 Representative Routes and Average of 25 Routes) 

Item Route 1 Route 2 Route 3 Route 4 
Average 
25 routes 

182.00 214.00 247.00 300.00 275.00 
161.00 

1.71 
3.09 
1.81 
3.29 
o no 

.Labor uniib uciivcicu. 
132.00 133.00 198.00 199.00 

L'USLOIIiOI oiupo. 

1.38 1.61 1.25 1.51 
.Labor units pei . 

3.27 3.96 2.75 2.67 
lime, min. poi .. 

2.37 2.46 2.20 1.77 
lime, mm. per wwi .. 

3.53 4.96 4.00 2.51 
3.95 Operating trucK, .. 

2.14 2.57 2.29 6. uy 
0.43 
n q 1 

bervicing cusbumeio, .. 
0.67 0.42 0.32 0.58 

0.64 Loading ana icing, .. 0.14 0.12 U.oi 

0.96 
0.21 
8.29 

34.88 
10.60 

Handling empty bottles, nr. . . . 
0.79 0.43 2.02 0.61 

Soliciting and coiiecuug, • • • 
0.07 0.25 0.31 0.50 

Unloading, nr. 
7.20 8.77 9.06 8.79 

32.00 
12.75 

Total working time, 1,1 • 
49.00 32.00 27.00 

Length ol route, nines.. 

Driving time, miles per In. 
13.88 6.45 6.75 
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Because the labor cost of retail milk distribution accounts for more 

than 50 per cent of the total delivery cost, the efficiency of the use ot this 

labor is an important factor in determining profits. 

T4BLE 87.—Retail Route Operations Showing Labor Cost per l nit' 
_ . • i _1 A__ + 

Item Route 1 Route 2 Route 3 Route 4 
Average 

25 routes 

Labor units delivered. 1S2.00 214.00 247.00 300.00 275.00 

Labor costs, cents per unit: 

Driving truck. 1.74 1.71 1.71 0.61 0.93 

Servicing customers. 1.06 0.88 0.66 0.98 0.88 

Soliciting and collecting. 0.39 0.15 0.58 0.15 0.27 

Loading, unloading, and icing. . 0.36 0.23 0.18 0.26 0.18 

Handling empty bottles. 0.05 0.03 0.16 0.09 

Total labor cost per unit, cents.. . 3.55 3.02 2.62 2.16 2.35 

Number of customers served. 132.00 133.00 198.00 199.00 161.00 

Total labor cost per customer, 

cents. 4.90 4.86 3.27 3.25 4.02 

Table 88.—Wholesale Route Operations Showing Labor Units and 

Functional Time9 

(3 Representative Routes and Average of 10 Routes) 

Route 1 Route 2 Route 3 
Average 

10 routes 

950.00 2,195.00 2,667.00 1,641.00 
1.980.00 4,388.00 5,322.00 3,258.00 

21.00 33.00 28.00 29.81 
42.51 66.52 95.25 55.05 
90.86 132.96 190.43 109.29 
24.64 14.24 17.25 16.13 
0.54 0.21 0.18 0.29 
0.27 0.11 0.09 0.15 
2.21 4.36 4.87 3.58 
0.98 0.15 0.58 
1.90 2.53 2.49 2.09 
0.57 n 19 
0.77 0.71 0.61 0.71 
1.04 n 
0.75 

yj. oy 
n 97 

0.40 0.08 0.08 0.17 
8.02 7.83 8.05 8.01 

53.00 65.00 96.00 68.86 
23.98 14.90 19.71 19.24 

Item 

Labor units delivered. 

Packages delivered. 

Customer stops. 

Labor units per stop. 

Packages per stop. 

Time, min. per customer. 

Time, min. per labor unit. 

Time, min. per package. 

Operating truck, hr. 

Receiving orders, hr. 

Package delivery, hr. 

Servicing iceboxes, hr. 

Handling empty bottles, hr. 

Billing and collecting, hr. 

Loading and icing boxes, hr. 

Unloading and checking in at plant, 
hr. 

Total working time, hr. 

Length of route, miles. 

Driving time, miles per hr. 

a t» ui retail milk 
fetate Bureau of Markets recommended the 

distribution, the California' 
following as labor require- 
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merits for retail routes: 1 route supervisor per 20 routes, 1 solicitor per 

10 routes, 1 collector per 20 routes, 1 loader and checker (1 man) per 

10 routes, 1 order or billing clerk per 5 routes, 1 relief driver per 6 routes. 

Including the drivers, the weighted average of labor is LOG employees 

per route. These recommendations are based on drivers handling 300 

units, with other employees doing the soliciting and collecting. 

Cost of Operating Retail and Wholesale Routes.—Tables 86 to 899 

show time studies made by the California State Bureau of Markets on the 

retail and wholesale distribution of milk in Los Angeles. Table 86 gives 

the average functional time of drivers on 25 retail routes; it also presents 

the details of four routes ranging from 182 to 300 units. Table 87 shows 

the unit costs for the same retail routes. Evidently, the average 

route labor cost is 2.35 cents, and the individual routes listed ranged from 

2.16 to 3.55 cents. The average labor cost of 10 wholesale routes shown 

in Table 89 was 0.46 cent per unit, or 1.89 cents less than the cost for 

retail routes. 

Table 89.—Wholesale Route Operations Showing Labor Costs per Unit9 

(3 Representative Routes and Average of 10 Routes) 

tloute 1 Route 2 Route 3 
Average 

10 routes 

950.00 2,195.00 2,667.00 1.641.00 

0.21 0.19 0.17 0.20 

0.18 0.11 0.09 0.21 

0 05 0.01 

0.19 0.01 0.06 

0.10 0.03 0.01 0.03 

0.07 0.35 0.01 0.04 

0.08 0.35 0.28 0.46 

21.00 33.00 28.00 26.00 

36.10 21.97 27.07 25.59 

Item 

Labor units, cents per unit: 

Driving truck. 

Serving customers. 

Servicing icebox. 

Receiving orders, billing, and col¬ 

lecting . 

Loading, unloading, and icing. 

Handling empty bottles. 

Total labor cost per unit, cents. 

Total labor cost per customer, 

cents. 

Tables 90 and 91 list the average costs of maintaining retail and whole¬ 

sale routes in Boston. Similar studies in other cities show compara) e 

Point System of Computing Route Loads. As a rule, the commodities 

handled on retail and wholesale routes are reduced to a common denom¬ 

inator in order that the different route loads may be compared in term 

of labor units. In addition, studies of delivery costs usually promt 

expenses of the route other than labor on space units, on the the . 

that because the volume of a vehicle is limited the space oceupn . 



• THE distribution of milk 429 

each product is the best measure of its share of the expense. Different 

surveys have used slightly different values for the various products. 

Table 90.—Expenses Included in Average Retail Route Costs for Dealers 

Studied in the Boston Market*10 

Item 

Hauling to branch loading stations 

Branch-loading-station expenses. 

Chest labor. 

Office and general expense. 

Delivery-equipment expense. 

Case expense. 

Ice. 

Loss on bad accounts. 

Advertising and sales promotion. 

Supervision and general labor. 

Solicitors. 

Route labor. 

Total expense. 

Daily average 

expense' 

$0.277 

0.362 

0.444 

1.216 

2.513 

0.111 
0.129 

0.498 

0.221 
0.649 

0.101 
7.675 

$14.196 f 

Percentages 

1 95 

2 55 

3 13 

8 .57 

17 70 

0 .78 

0 91 

3 .51 

1 56 

4 57 

0 71 

54. 06 

100 00 

* Before administrative expenses, 

t The cost of routes studied ranged from $10 to $17. 

Table 91.—Expenses Included in Average Wholesale Route Costs for 

Dealers Studied in the Boston Market*10 

Item 
Daily average 

expense 
Percentages 

Hauling to branch loading stations 

Branch-loading-station expenses. . . 

Chest labor. 

Office and general expenses. 

Delivery-equipment expenses. 
Case expense. 

Cabinets and chests. 

Ice. 

Loss on bad accounts. 

Advertising and sales promotion. . . 

Supervision and general labor. 

Solicitors. 

Route labor. 

Total. 

$0 611 2 78 

1 106 5 03 

1 417 6 44 

1 218 5 54 

4 554 20 69 

0 357 1 62 

0 194 0 88 

1 454 6 61 

0 665 3 02 

0 952 4 33 
1 045 4 75 
0 554 2 52 

7 875 35 79 

$22 001 f 100 00 

* Before administrative expenses. 

t The cost of routes studied ranged from $14 to $31. 

) 

The standard unit is the retail quart. Units are also commonly referred 
a, points. Thus, a route handling 300 points may actually handle 
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200 quarts, the other 100 points consisting of different products converted 
to quart equivalents. Table 92 illustrates one system of assigning 
labor and space units. 

Table 92.—Labor and Space Units for Various Packages Handled by Milk 

Distributors9 

Labor units 

Container size 

10 gal. 
5 gal. 
3 gal. 
2 gal. 
1 gal. 
y2 gal. glass. 
y2 gal. fiber. 

Wholesale 

Quart, glass. 
Quart, conical fiber. 
Quart, square fiber. 
Pint, glass. 
Pint, conical fiber. 
Pint, square fiber. 
Half pint, glass. 
Half pint, fiber. 
Butter, lb. 
Cheese, 8, 10, 12 oz. 
Eggs, dozen, carton. 
Cheese, 10 lb. 
Cheese, 1 lb. 
Evaporated milk, tall case, 48.. 
Evaporated milk, small case, 96. 

12.0 
6.0 
4.0 
3.0 
2.4 
1.5 
1.0 
1.0 
1.0 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.6 
1.0 
2.4 
1.0 

12.0 
12.0 

Retail 

1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 

1.0 

Space units 

Wholesale 

18.0 
9.5 
6.0 
4.0 
2.5 
1.77 
1.0 
1.0 
1.0 
0.33 
0.47 
0.47 
0.17 
0.36 
0.10 
0.47 
0.47 
1.0 
2.0 
0.47 

17.5 
17.5 

Retail 

2.5 
1.77 
1.0 
1.0 
1.0 
0.33 
0.47 
0.47 
0.17 
0.36 
0.10 
0.47 
0.47 
1.0 

0.47 

Payment of Route Salesmen -Three different methods may be used 

route salesmen: (1) flat salary, (2) salary and commission, and 
. i 1 jl __1 -v /\ 4-/ i ci o A1Y1 TY11S* 

(3) straight "commission. With the second and third methods, commis- 
sionfmay be based upon (a) “points” sold, (6) new customers secured, 

arirl (c\ n small fee for each bottle letuincd. 
The flat-salary system probably is the least satisfactory, for it gives 

the driver no incentive to sell more products, secure new custome^ or 
return empty bottles. He is in reality a dehveryman rattatha^ 
salesman. The second method is perhaps the most sat.sfa tm?. 
usual to pay a fair salary for a minimum munioer of^pouits ^ ^ 

example, 200. The commission por |»ton ^ ^ ^ ^ for 

mum should be sufficient to encoun ^ eac), new customer who 
new customers may be paid—foi eaimp , returning bottles 
remains on the route for at least 1 month. 1 he ice 
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should be sufficient to encourage drivers to secure the bottles from the 

'“Light-commission system is frequently used when the driver 

owns the route and equipment. He is then in reality a peddler rather 

than the route salesman ol the dairy company. 
Checking Out the Routes.—Different systems may be used for loading 

the wagons and trucks in checking out the routes. The system used 

will vary with the number of routes and with the arrangement and loca- 

Fig. 142.—Loading insulated trailers for transportation of milk to branch distributing 
plant. The retail wagons are loaded from the trailers; this system is comparable to loading 
directly from storage rooms through a number of doors or chutes. (Courtesy of Bowman 
Dairy Company.) 

tion of the milk-storage room. The wagons must be loaded rapidly 

so that the drivers will not be delayed at the loading stations. 

The three principal systems used are as follows: 

1. Loading may be direct from storage rooms through one or more 

doors. In some plants the cases are loaded directly into the wagon from 

the cold room, whereas in others they leave the storage room by a short 

chute or conveyer. When two or more doors or chutes are available, 

two methods of loading are possible: the loads may be assembled from 

one station, or different products may be secured from each station. 

Clement and his coworkers,11 investigating 24 plants using two doors or 

chutes, found that 13.6 wagons per hour were loaded and that the average 

time per wagon was 2.7 to 7.9 minutes. The average number of routes 

operated from the 24 plants was 48.3, and the average time required to 

load out the routes at each plant was 3.6 hours. This svstem is satis¬ 
factory for a plant of medium size. 
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In larger plants, more doors or chutes are used, with one checker 

operating each station. Figure 58 (page 198) shows the floor plan of a 

plant where three loading stations are used. Clement and his associates11 

found, in studying 14 plants where three chutes or doors were used, that 

30.7 routes were loaded per hour, with an average of 2 minutes per route. 

When branch distributing stations are maintained, the trailers used 

for transporting the milk may serve as loading stations for transferring 

the milk directly into the retail and wholesale wagons. Figure 142 shows 

Fig. 143. 
arrive. 

-Shed for checking routes out and in. Wagons are loaded before the drivers 
Note the conveyer system. (Courtesy of Borden's Dairy Delivery Company.) 

the type of insulated trailers used for transporting milk from the pastcui- 

izing plant to the branch plant. , 
2. There may be a long loading platform with conveyers from the 

milk-storage room. A number of loading stations are located on the 

platform Wagons may be completely loaded at one station or may pass 

from station to station, where the different commodities are secured. 

One large New York plant uses this system with 10 loading stations. In 

this plant a separate loading platform is provided for wholesa e routes. 

Figure 143 shows a loading shed with long conveyers from the milk- 

storage room. In this plant the wagons are loaded before the drive 

arrive. warehouse trucks may be used. The trucks are loaded 

in the storage* room with orders for the different routes. They are hen 

wheeled onto the loading platform. This system is suitable for small 

plants. 
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Checking In the Routes.—Checking in the routes consists in verifying 

the driver's count of empty bottles and unsold goods and conveying the 

bottles to the washers or to storage. The driver usually places the bottles 

on the platform, conveyer, or truck. 
The following are common systems used in checking in routes: (1) 

Bottles are loaded upon a conveyer that conducts them directly to the 

washers or storage. If the bottles go directly to the washers, the casts 

containing pints or smaller bottles are removed and stacked for washing 

later or are transferred to another conveyer for washing in a separate 

Fig. 144. Unloading crates of milk bottles onto conveyer from delivery wagon The 

Brother,7) ^ retUrned bottles to the wash room- (Courtesy of Mojonnier 

machine. Figure 58 (page 198) shows the floor plan of a milk plant 

where this system of handling bottles is used. (2) Bottles are unloaded 

onto a platform. All the bottles may be unloaded at one place; or several 

unloading stations may be used, with quarts at one station, pints at 

another, and unsold products at a third. The bottles may go by con¬ 

veyer to the washers or storage, or they may be placed on lift or dolly 
trucks for transfer. * 

DISTRIBUTION PROBLEMS 

Handling Unsold Products.-Unsold milk and cream returned from 

the routes represents a considerable loss if it must be removed from the 

ottles and disposed of for manufacturing purposes. Besides the milk- 
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fat loss due to incomplete draining, the bottle closure and processing 

expenses are also lost. When the local ordinance does not require that 

milk be marked with the day it must be sold, this loss may be prevented 

by delivering the unsold milk to the first customers next day. To pre¬ 

vent delivery of old or warm milk, a standardized procedure must be 

followed. One rule should be that milk and cream once checked out of 

the cold room to the route man should not be returned to the plant. 

This rule may be fulfilled by providing each truck with an insulated box 

that will hold about three crates of milk and one of cream, with sp^ce 

for a small amount of miscellaneous products such as butter, buttermilk, 

and chocolate milk. The box is refrigerated with ice or brine cartridges. 

With ice the temperature ranges from 37° at night to 45°F. in the day¬ 

time. The products in the box serve as a reserve supply, to be used if 

the driver runs short. The remaining unsold products are left in the box 

during the night. The box should be locked, and the key kept by the 

driver Before the next day’s milk is loaded onto the truck the products 

are removed from the box and placed in a convenient place for the first 

deliveries The box is then filled with a fresh reserve supply. W lth this 

system the box must be well refrigerated at all times. A satisfactory 

insulated box may be made as follows: (1) Construct a box of 0.75 me 

wood of the desired size. (2) Line the inside with 2-inch corkboard laid 

in tar (3) Line the inside with galvanized iron. One laige comp 

that has used this system of handling unsold milk since 1932 recommends 

that the opening be in the top rather than the side. 
^ Cost of Milk Distribution.—Many studies have been made> on the 

3Utr«i*i- »»»““ •"* *•“* 

“ sets 
cost, (2) processing costs, (3) ad™ costs have been discussed 

delivery coste. TP“^a“ livery cost may be subdivided into many 

‘itemsasuch as (1) delivery labor and 
supervisors, checkers, and billing clerks) (2)>se^g costs 

wholesale salesmen f - dXing d^da«on repairs! garage and stable 
(gasoline, oil, tires, hay, beddmg, ^ insurance; (5) ice; (6) uniforms 

expense, veterinary), ( ) ,jvertising; (9) miscellaneous. Iable93 

and laundry; (7) bad debts, ) costs of one distributor. The 
gives representative aeUmg and dd y different distributors, 

magnitude of the items will natuially vaiy 
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Table 93.—Selling and Delivery Costs per Quart of Milk1- 

1 Distributor, Costs Studied Intensively 

Retail Wholesale 

Item Cents 
per qt. 

Percent¬ 
age of 

selling* 
price 

Percent¬ 

age of 
total 
cost 

Cents 
per qt. 

Percent¬ 

age of 
selling 
price 

Percent¬ 

age of 
total 

cost 

Delivery labor. 2.3275 19.30 38.81 0.8423 8.86 23.71 

Selling labor. 0.4437 3.70 7.40 0.3477 3.66 9.78 

Gasoline, oil, and tires. . . . 0.4594 3.83 7.66 0.2064 2.17 5.81 

Licenses, taxes, and insur¬ 
ance. 0.3106 2.59 5.18 0.1474 1.55 4.15 

Depreciation, trucks and 
cars. 0.2122 1.77 3.54 0.0919 0.97 2.59 

Repairs, trucks and cars 0.3782 3.15 6.30 0.1927 2.03 5.42 

Garage rent. 0.0182 0.15 0.30 0.0330 0.35 0.93 

Ice, uniforms, and laundry 0.0922 0.77 1.54 0.0369 0.39 1.04 

Bad debts. 0.1497 1.25 2.49 0.0214 0.28 3.42 
Advertising. 0.0713 0.59 1.19 0.0412 0.43 1.16 
Miscellaneous. 0.0635 0.53 1.06 0.1680 1.77 4.73 

Total. 4.5265 37.72 75.47 
% 

2.2289 23.46 
*> 

62.74 

* Based on retail selling price of 12 cents per quart and wholesale 9.5 cents. 

The figures of the distributor shown in Table 93 are those of the 

supply-line distributor in the particular market studied.12 This is deter¬ 

mined in somewhat the same manner as the bulk-line method of deter¬ 

mining milk-production costs (page 485). The costs of all the 

distributors in the market were determined. Then an array was made 

of the costs, starting with the distributor with the lowest costs and ending 

with the highest. The capacities of the plant were then added, starting 

with the one with the lowest cost and continuing until distributors with 

sufficient plant capacity to supply the market had been included. The 

plant whose figures appear in Table 93 furnished the final capacity required 

to supply the market. The selling and delivery costs of the 12 dealers 

comprising the market ranged from 2.0566 to 3.0533 cents per quart for 
wholesale distribution and 3.1399 to 4.76 cents for retail. 

Table 93 emphasizes the principle that about three-quarters of the 

total costs of the distributor, exclusive of product cost and interest on 

“T' rCUmd m selling and delivery- For wholesale operation 
about three-fifths represents the delivery costs. 

TrWesIrand^S » '“I'n ^ are show in 
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The comparable values for the single California plant shown in Table 93 

were 4.52 and 2.23 cents. The figures in these two studies show repre¬ 

sentative costs for retail and wholesale delivery, together with the differ- 

Table 94.—Expenses Included in Weighted Average Retail Selling and 

Delivery Unit Costs Milk and Cream, Boston Market10 

Quart of milk Half pint of cream 

Expense 
Cost, 
cents 

Per¬ 
centage 

Cost, 
cents 

Per¬ 
centage 

Hauling to branch loading station. 0.05 1.18 0.02 0.73 

Braneh-loading station expense. 0.08 1.88 0.03 1.09 

Chest labor . 0.09 2.12 0.03 1.09 

Case expense . 0.02 0.47 0.01 0.36 

0.03 0.71 0.01 0.36 

Oflfirp nnd cenernl evnense. 0.29 6.82 0.34 12.37 

0.81 19.06 0.29 10.55 

0.14 3.29 0.14 5.09 

0.11 2.59 0.08 2.91 

0.13 3.06 0.14 5.09 

0.02 0.47 0.02 0.73 

2.12 49.88 1.44 52.36 

0.36 8.47 0.20 7.27 

4.25 100.00 2.75 100.00 

Table 95.—Expenses Included in Weighted Average Wholi 

Delivery Unit Costs Milk and Cream, Boston IV 

)sale Selling and 

Iarket10 

Quart of milk Half pint of cream 

Expense Cost, 
cents 

Per¬ 
centage 

Cost, 
cents 

Per¬ 
centage 

0.04 0.96 0.01 0.99 
Hauling to branen loauiug .. 

0.07 3.43 0.02 1.98 
Brancn-loacling-station expense. 

0.11 5.39 0.06 5.94 

0.10 4.90 0.07 6.93 
Olhce and general txpuisL*. 

0.49 24.02 0.19 18.81 
Delivery aiici equipment expenses. 

0.03 1.47 0.02 1.98 

0.01 0.49 
3.96 Cabinets anci cnests. 

0.10 4.90 0.04 

0.03 1.47 0.02 1.98 
2.97 Loss on baa accounts... 

0.04 1.96 0.03 
Advertising and sales promo nun. 

0.06 2.94 0.05 4.95 
Supervision and general .. 

0.02 0.98 0.02 1.98 

0 79 38.73 0.42 41 . oU 

0.15 7.36 0.06 5. VH 

2.04 Too. 00 1.01 100.00 
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cnee between the two systems of distribution, or 2.21 cents for Boston 

and 2.29 for the California plant. . 
In California, where the milk-control laws require that the Bureau ot 

Markets collect accurate data on the cost of processing and selling mi 

uniform procedures must be followed in the classification of accounts^ 

The following classifications are used for (1) selling and delivery and 

(2) advertising costs. These classifications show the many different 

items that go to make up these costs. Because the retail selling and 

delivery costs usually amount to three times the combined processing 

and administrative expense, the efficiency of operating of this department 

is important. 

Selling and Delivery Expenses13 

1. Wages, salaries, and commission: 

Route supervisors. 

Route men and collectors. 

Order and shipping clerks. 

Loaders and checkers. 

Credit department. 

Sales managers and assistants. 

Solicitors and salesmen. 

Sales instructors. 

2. Automobile and truck expense: 

Gasoline, oil, grease, tires, and tubes. 

Repairs and maintenance of autos and trucks. 

3. Depreciation, insurance, taxes: 

License and rents. 

Allocated to property and equipment used in selling and delivery. 

4. General expense: 

Ice. 

Laundry of route men and drivers. 

First aid and medical expense. 

Route books and printed forms. 

Postage and stationery for direct-mail collections. 

5. Allowance for bad debts less recoveries. 

6. Employees’ compensation and social security taxes. 

Advertising 

1. Wages and salaries: 

Demonstrators. 

Sign writers. 

Advertising managers. 

Other advertising employees. 

2. Entertainment of customers. 

3. Paid advertising: 

Newspapers and periodicals. 

Billboards, electric signs, programs, etc. 

Radiobroadcasting. 
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Posters and window stickers. 

Postage and supplies for direct-mail advertising. 

Art work, exhibitions, and displays. 

4. Compensation insurance and social security taxes: 

Advertising-department employees. 

5. Depreciation, insurance, taxes, and rent: 

Applicable to advertising department. 

Milk Sales by Retail Stores.—Retail stores have become increasingly 

important as sales outlets for milk. In San Francisco, about 65 per cent 

of the bottled milk is sold in stores. Some authorities believe that the 

selling of milk by stores decreases milk consumption as compared with 

retail delivery, whereas others hold that it increases consumption because 

of the lower price of store milk. In some areas, probably, store selling 

decreases consumption, whereas in others it increases it, depending upon 

local factors such as (1) price, (2) nearness of stores, (3) refrigeration in 

homes, (4) advertising of store milk. 

Those who claim that consumption is decreased point out that if milk 

is delivered every day the housewife will use it, whereas if she must secure 

it from a store it will not always be on hand, and less milk will be 

consumed. 
When the store milk is sold at the same price as delivered milk or at 

1 cent lower, this system of distribution may lower consumption; but if 

the spread is 2 cents or more, milk consumption is likely to be increased. 

Bartlett considers that a differential of 2 cents will result in increased 

consumption.14 
The increase in the sale of milk in stores has undoubtedly increased 

the cost of retail distribution, for routes must extend further to deliver 

a given load. Larger containers, price reductions for more than one unit 

delivered, and every-other-day delivery have been developed to over- 

Table 96.—Survey of 456 Retail Stores in 7 Marketing Areas in 

California2 91345 

City 

A 
B 
C 
D 
E 
F 
G 

Number 

of stores 

39 
39 
56 
27 
33 
83 

179 

Percentage of 

milk sales to 

total sales 

2.42 
1.39 
2.46 
2.08 

Markup neces¬ 

sary to return 

6 per cent on 

investment, 

per cent 

15.20 
16.99 
16.73 
15.55 
16.98 
16.84 

Markup per qt. 

to return 6 per 

cent on in¬ 

vestment, cents 

1.29 
1.53 
1.51 
1.48 
1.44 
1.43 
1.27 

Wholesale price 

of milk per qt., 

cents 

8.5 
9.0 
9.0 
9.5 
8.5 
8.5 
8.0 
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come some of the price advantages of store milk and to reduce retail 

^“Ttecmtof handling milk by retail stores is difficult to ascertain 

because of the many items handled in these stores. The data shown m 

Table 96, obtained from 456 chain and independent stores in seven citic s 

inCalifornia, indicate that a markup of about 1.5 cents per quart on 

milk wholesaling at 8 to 9 cents will return the stoie all rosts p us I 

cent interest on the investment. 
If store milk is sold at 1 cent less than delivered milk and if the 

markup is 1.5 cents per quart, the total differential of 2.5 cents between 

Fig. 145.—One- and two-quart milk bottles. Left to right, conventional shaped two- 
quart bottle; one-quart bottle; thirty-ounce two-quart bottle of new design. (Courtesy 
of Owens-Illinois Pacific Glass Company.) 

the price of wholesale and retail milk will probably represent the actual 

difference in cost to the milk distributor. 

Methods of Reducing Retail-delivery Costs—Competition with stores 

for the distribution of milk has resulted in the loss of retail customers in 

most milk markets. To reduce delivery costs and permit competition 

with stores on a price basis, several methods have been used: 

1. Two-quart containers. Two-cjuart containers reduce delivery costs 

When the retail delivered price of milk is 13 cents a quart, the 2-quart 

price may be 22 to 24 cents, or 11 to 12 cents per quart. The reduction 

m price encourages the customer to buy from the milk wagon rather than 

the store. Consumption is likewise, stimulated. In one investigation 
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where the total costs per quart were 10.8 cents, the costs were 9.1 cents 

if 2-quart containers were used.15 

A standardized 2-quart glass bottle has recently been developed which 

weighs 30 ounces and is the same height as the standard quart bottle. 

Two-quart fiber containers are also available. 

In certain markets, gallon jugs or cans have been used, but the 

2-quart container is apparently the best for decreasing delivery costs on 

retail routes. Figure 146 shows gallon cans for wholesale and retail use. 

Fig. 146.—Gallon cans for wholesale and retail distribution. 

2. Price reduction for quantity purchased. The number of customers 

served on a retail route is one important factor determining delivery costs. 

It costs a certain amount to deliver 1 quart. If 2 or 3 quarts are deliv¬ 

ered at one time, the cost is not increased proportionally. A system o 

distribution called the Elwell plan16 is based on this principle. In theory, 

milk is sold at a flat price, and service is an extra charge. 
. . „ , . . in fViA following schedule. 

L'- 

Number of 

units 

purchased 

(quarts) 

Raw 

product 

cost 

Plant 

cost and 

profit 

Platform 

price 

Delivery 

cost 

Total 

cost 

1 

2 

3 

4 

$0.04 

0.08 

0.12 

0.16 

$0.02 

0.04 

0.06 

0.08 

$0.06 

0.12 

0.18 

0.24 

$0.05 

0.08 

0.11 

0.14 

$0.11 

0.20 

0.29 

0.38 

Average 

price 

per qt. 

soTii 
o. 10 
0.096 

0.095 
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may be as satisfactory for reducing 

3. Every-other-day delivery. Customers who do not use enough milk 

to benefit from the savings of purchasing in 2-quart containers or from 

the method last described may participate in either of the plans by 

receiving 2 quarts every other day. 
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CHAPTER XXI 

THE COST OF MILK PRODUCTION 

The cost of producing milk naturally interests the producer because 

it affects his profits, the distributor because it will influence the supply 

available, and the consumer because it eventually influences the retail 

price. 

Before the First World War, little attention was given to the cost of 

producing farm commodities; the farmer produced what he thought 

could be sold at a profit and took what price he could get. During the 

war, prices advanced; farming became a business as well as a mode of 

life. The war created an interest in cost studies in industries, for many 

commodities were sold to the government at “cost” plus a profit of a 

certain percentage. Farm-management studies were made; and the cost 

of producing many commodities, including milk, was reported. The 

policy of price fixing required that full information be made available. 

Recently the cost of milk production has been much studied by the 

U.S. Department of Agriculture and the various state agricultural experi¬ 

ment stations. These studies have aided dairy farmers, distributors, 

milk-control boards, and consumer organizations. 

Uses of Cost-study Data.—The data from cost studies have been used 

by the different interested groups in various ways, some of which are 

listed below: 
1. The fundamental principles concerned with the economical pro¬ 

duction of milk have been emphasized. 
2. The dairyman has been encouraged to review his own production 

methods and to revise them when necessary in conformity with the 

established principles of economical milk production. 
3. The producer may use the results obtained in surveys made under 

conditions similar to his own, to evaluate his efficiency as a milk producer. 

4 The cost data may serve as a basis for negotiating a fair price for 

milk' in conferences between producer and distributor representatives. 

5. Federal and state control boards need information on the cost ot 

production in order to be guided when proposing or fixing prices. 

6. Consumer organizations are interested in the data as a gu 

iudeing the fairness of the price they pay for milk. 
Methods for Determining Costs.-Tlie methods used in determining 

the cost of producing milk may be classified as (1) the field, »r 'abo 

t ory” and (2) the “formula.” The field method consists in collecting da . 

J 442 
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from individual producers on the cost of producing milk This method 

may be subdivided into (1) the “survey” and (2) the “direct,” or route, 

method, to indicate the way in which the data aie secuicc 
With the survey method, the farm is visited by a trained interviewer, 

and the costs incurred for milk production for a specified period, usually 

1 year are obtained from the dairyman’s records and his estimates on 

items not evaluated by the records. One advantage is that a trained 

investigator may visit many more farms in a given time than when the 

direct method is employed. A disadvantage is that the records are less 

accurate than when an investigator visits the farm several times dining 

the study. Ezekiel, McNall, and Morrison1 regard the survey method 

as less accurate than the “direct,” or route, method of determining costs. 

With the direct method the dairyman’s actual records are used, the 

farm is visited regularly (usually once a month) during the period of 

observation, and the amounts of feed and labor are verified. This 

method, however, limits the number of farms one investigator may study. 

In some investigations the survey and direct methods have been 

combined in order to secure data from more farms, with the same number 

of trained men. With this method the trained interviewer visits the 

farm at the start and completion of the study, prepares opening and 

closing inventories, and notes other pertinent data that could not be 

collected by untrained assistants. The milk records are obtained from 

the plant to which the milk is shipped; the feed and labor records from 

the farm during the cow tester’s monthly visits. 

Data collected by the field method from many farms has yielded 

information on feed and labor requirements for producing 1 pound of 

milk fat or 100 of milk of a given fat percentage. The formula method of 

determining the cost of production is based upon these quantities. The 

field, or laboratory, method, therefore, must precede the formula method 

of determining costs. 

In the formula method, current values are assigned to the feed and 

labor required to produce a given quantity of milk or milk fat. This 

method is valuable for indicating the cost of production during periods 

of rapidly changing feed and labor prices. It was formerly used in 

establishing milk prices. The discussion of the price of milk under 

Factors Influencing Cost of Milk Production, however, will show its 

inadequacy: it is a guide to production costs rather than to the cost of 

producing milk, for this varies greatly among producers in the same 

aiea and on adjacent farms because of factors to be discussed later. 

The formula method is illustrated below: 

Pearson “modified” formula* of feed and labor requirements for producing 100 
pounds of 3.8 per cent fat milk: 

20 lb. home grown grain (based on value of corn) 
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24 lb. of manufactured feeds 

110 lb. hay 

3.0 man-hours of labor 

In applying the .formula, interested groups must agree on certain 

bases of calculation: (1) the source of quotation of feed prices and the 

dates of quotations, (2) the average wage to be applied for labor, and 

(3) the percentage “corrective” factor to evaluate the cost of production 

not included under feed and labor costs. 

Necessity for Making Estimates.—The items comprising the cost of 

milk production are usually (1) feed costs, (2) labor costs, and (3) miscel¬ 

laneous or other costs. When milk production is only one of the farm 

enterprises, its costs must be segregated from those of other activities 

such as the growing of crops. The evaluation of items pertaining to the 

separate enterprises necessitates many estimates—for example, on the 

proportion of taxes and insurance, building investment, and labor. 

Often, monetary value must be set upon pasture and roughages that 

would have little worth if not used in milk production; labor, such as that 

of women and children, must be evaluated according to the efficiency of 

the work performed. These estimates apply especially to diversified 

farms. Often, the “cost of production” indicates that milk was pro¬ 

duced at a loss; yet the net farm income is increased because of values 

assigned to feed and labor that could not otherwise be used. 

For specialized dairy farms, where all the energies and capital are 

devoted to milk, without alternative products such as crops or hogs, the 

estimates can be more accurate; they will show more nearly how the 

cost of milk production affects the dairyman’s decision to increase or 

decrease his milk supply. 
The dairies selected for a cost study should be representative of the 

area; small dairies or diversified farms should be selected in proportion to 

their importance as producers. 
Items Considered in Cost Studies.—The costs should be the actual 

ones incurred in milk production. Besides feed, labor, and consumable 

supplies, they should include not only interest on investment but depreci¬ 

ation on equipment, buildings, and herd so that the farm will be main¬ 

tained as a producing unit. In evaluating these items, different surveys 

have been carried out by various methods. The following represents the 

principles used. . , . ,, , ., 
j?eed—Feed including hay and concentrates, is charged to the daily 

enterprises at the prevailing market price paid for similar grade and 

quality as delivered to the producer’s dairy. Charges for hauling, 

grinding, and mixing are included in feed costs. Home-grown feeds are 

charged at their market value at the producer’s barn plus any processing 

cost such as grinding. 
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The amount of feed per cow is usually determined by monthly test 

weighing of the feed consumed. This work is done by the investigator 

or the cow tester. Usually, the feeds are listed as concentrates, home¬ 

grown grains, silage, leguminous hay, nonlcguminous hay, and non¬ 

commercial roughage such as corn stover. To determine the total 

digestible nutrients and the nutritive ratio of the ration, one must know 

the relative amounts and exact composition of the concentrate mixture, 

together with the name and quality of the roughages. 

Pasture is more difficult to evaluate. Several methods have been 

used. One method is to determine the rental value of similar pastures 

and prorate the amount of rent among the cows during the use of the 

pasture. Another method is to value the land as equal to similar unim¬ 

proved land in the vicinity and then charge interest at 5 to 6 per cent 

upon this evaluation. In addition, expenditures for fences, taxes, seed¬ 

ing, and the like, are included under the total pasture cost. This amount 

is then prorated among the cows during the pasture season. 

It is hard to determine accurately the nutrients furnished by pastures. 

In one study3 the actual feed consumed by the cows was compared with 

the Haecker feeding standards required for producing the milk secured. 

From this data, it was estimated that 35 per cent of the nutrients came 

from the pasture. Obviously, the nutrients furnished by a particular 

pasture will depend upon the kind and quality of the crops and the 

number of days’ pasture per cow. Any bedding purchased is charged 

as a separate item. If refuse hay is used, the cost occurs under feed. 

Labor.—Labor utilized in milking and caring for the dairy herd and 

cleaning and washing equipment is segregated from farm and other labor. 

It may be further divided as (1) milking, (2) cleaning barn, (3) handling 

milk, (4) washing utensils, or any other classification that will yield the 

desired information. When the same employee performs several different 

tasks, special time studies must be made to apportion his time among 
the different operations. 

Labor is charged at the actual wage paid. In some studies the owner’s 

own labor is valued more than the hired help’s on the theory that the 

owner is more careful and efficient. Often it is desirable to report the 
owner s labor and the hired labor as separate items. 

Other Costs. Feed and labor account for about 75 per cent of the cost 

of producing milk.4 The other costs include such items as herd expense, 

herd sire, use ol buildings, and equipment, with the cost of consumable 
supplies such as washing powder. 

Herd Expense— Herd expense includes taxes, interest, and depreci¬ 
ation on the herd. 

Since cows are evaluated on their ability as milk producers and not 

upon their breeding, purebreds are given the same value as grades of 
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equal productive ability. To determine the investment in the herd and 

the interest expense, the cows are inventoried at market value for dairy 

cows oi equal quality. Interest is usually figured at 6 per cent on the 

average inventory value. The tax expense on the herd may be taken 

from the tax receipts, or an arbitrary percentage applied that has been 

found to approach the actual tax rate. 

Depreciation of cows may be figured in several ways. One method 

is as follows: inventory of first period + additions to herd during the 

year — inventory at end of the year + sales of cattle and hides. The 

difference is the appreciation or depreciation of the herd. Loss by death 

is also included in the difference in value between the two periods. 

Another method of figuring depreciation5 follows: 

Depreciation = 
dairy value — beef value 

productive life of the cow 

The productive life of the cow may range between 3 and 7 years, 

depending upon many factors. 

The expense of veterinary services, medicine, and cow-testing- 

association fees are included in herd expense in some studies, whereas in 

others they fall under miscellaneous expense. 

Herd Sire.-—Feed, labor, building, interest on investment, and all 

other costs connected with the care and maintenance of the herd sire are 

usually prorated among the herd. The sire should be a purebred of as 

good breeding as the size and quality of the herd will justify. When 

such a sire is used, the depreciation will be more than if a grade bull is 

kept, but the improved production of the offspring wall justify the 

expense. 
Building Expense.—Building expense includes depreciation, interest, 

taxes, insurance, repairs, and upkeep. The buildings include barns, 

milking stables, milkhouses, silos, and any other buildings used in con¬ 

nection with milk production. When parts of buildings are used for 

other enterprises, proper adjustments are made to obtain the costs 

incurred in milk production. 

Table 97.—Depreciation Rates6 

Item 
Expected life, 

years 

Rate, per 

cent 

Water systems, barns, pump house, and similar structures 

Ice machine, boilers, milking machines, ice boxes, wiring, 

40 

10 

2.5 

10 

Coolers, dump tanks, 
5 20 

and similar . 
2 50 
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Buildings are appraised at their present value, 5 or 6 per cent, interest 

being charged upon this amount. Depreciation is usually determined by 

dividing the inventory value by the number of years the building will 

last In one study6 the depreciation rates were set in establishing 

standard costs of milk production in an area where construction and 

equipment of dairies were similar (1 able 97). 
Taxes and insurance are obtained from the dairyman’s records, or local 

rates are applied to the appraised values of improvements. Small repairs 

may be charged as current expense, whereas larger repairs such as 

reshingling or painting may be prorated over the expected life ol the 

improvement. 
If buildings are unnecessarily elaborate, the interest, taxes, msuiance, 

and upkeep will be greater than economical milk production can warrant. 

Buildings should provide adequate comfort and sanitation for cows and 

menj beyond this point the money invested should not be chaiged to 

milk production. 
Land.—The land occupied by the. buildings and the paddocks or 

corrals is figured at its appropriate value, and 5 or 6 per cent interest 

charged plus a proportionate share of the taxes. 

Equipment.—All equipment used in milk production-—for example, 

buckets, pails, coolers, refrigeration machines, and milking machines-—-is 

inventoried, and 5 or G per cent interest charged. Depreciation is calcu¬ 

lated (see Table 97) and charged as a cost of milk production. Taxes 

and insurance are also added. 

Hauling.—Where hauling is done by a carrier who picks up the milk 

at the farm, the costs are definite; a fixed charge per pound fat or 100 

pounds of milk is applied. If the dairyman supplies the labor and truck 

to haul the milk to a depot, receiving station, or milk plant, the amount 

of labor and a proportional share of the truck cost should be calculated. 

The cost of milk production is often reported as exclusive of transporta¬ 

tion charges because of the varying distances of farms from the milk 

plants. Farms farthest away naturally have higher transportation costs 

than farms near the cities; this expense is often offset, however, by lower 

feed and other costs because of lower land values. 

Miscellaneous Expense.—Besides the other items listed, numerous 

costs are involved in milk production—for example, milk-control assess¬ 

ments if they apply, association dues, and workmen’s compensation 
insurance. 

Management. Some cost studies have included a compensation for 

management, in addition to the labor charge credited to the owner 

for his actual time devoted to milk production. This compensation 

is to reward him for his enterprise, his added effort, and the risks 
involved. 
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In certain cost studies, 10 to 20 per cent has been added to the cost 

of production, to pay for management, whereas others have charged a 

flat rate per cow of $5 or $10.6 Still others make no charge for 

management. 

Credits. Certain credits are usually figured in determining milk 

costs, and these are deducted to obtain the net cost. They usually 

consist of credits for (1) calves, (2) manure, and (3) sacks. 

Calves.—Calves are often credited to the daily at their value at four 

days of age on the basis of grade stock, whether they are sold or retained. 

In one investigation,7 these values ranged from $1 to $5 each. 

Table 98.—Cost of Producing Milk in 8 Areas in New Jersey, August, 1933- 
July, 19348 

(Average of 176 Herds Comprising 4,089 Cows) 

Average cost 
per cow 

Cost per 
100 lb. milk 

Percentage 
of total 

Feed cost: 
Onncpnt,rates, 2,465 lb . $ 36.04 $0.44 19 

Roughage: 
Hav 2 401 lb . $ 17.50 

Silaee 4 817 lb . 13.78 

Others. 4.26 

Pasture. 

$ 35.54 
13.21 

0.44 
0.16 

18 
7 

'TVitnl fpprl posts . $ 84.79 $1.04 44 

37 77 0.46 20 

14.76 0.18 8 

14.56 0.18 7 

7.09 0.09 4 

6.24 0.08 3 

4.90 0.06 3 

4.04 0.05 2 

2.29 0.03 1 

16.34 0.20 8 

$192.78 $2.37 100 

20.98 0.26 

171.80 2.11 
--- 

Production: 
Lb. milk, 8,151 average per cow 
Lb. milk fat, 308.5 average per cow 

Test of milk, 3.78 per cent fat 
Total cost per qt. of milk, $0,051 

Net cost per qt. of milk, $0,045 
Total cost per lb. of milk fat, $0.62--- 

* Includes veterinary fees, salt, taxes, and fire insurance on cows, cow testing, expense. 
electricity, 

ice, and similar expenses. 



THE COST OF MILK PRODUCTION 449 

The raising of calves is an enterprise separate from milk production 

and is not included in most of the cost studies. Heifers added to the 

milking herd are valued at current prices, not at what it costs to raise 

them. In market-milk dairies in certain areas, it is cheaper to buy 

replacement cows than to raise calves. 

Manure.—Manure is credited only when some.value can be obtained 

from it. Most farms can benefit from such fertilizer, and $1 a ton is a 

conservative estimate. In different studies, credit has been given for 

8 to 10 tons of manure per cow. 

Examples of Data Obtained from Cost Studies.—Many cost studies 

have been reported by the U.S. Department of Agriculture and the various 

state agricultural experiment stations. These studies apply particularly 

to the areas where they were made and especially to the farms surveyed. 

Figures obtained in one milkshed may not apply in another because of 

differences in systems of feeding, seasons of production, average size of 

herd, importance of dairying as a farm enterprise, and the like. Besides 

their value to local areas, however, such records establish the lasting 

principles of economical milk production. The following tables illustrate 

the data obtained in different areas and demonstrate certain principles 

discussed under the items comprising the cost of milk production. 

New Jersey, Cost of Milk Production— Table 98 gives the average 

costs per cow and 100 pounds of 3.78 per cent fat in 176 herds in eight 
areas in New Jersey.8 

The cost figures do not include a fee for management. The operator’s 

labor was included under man labor and charged at the same rate as 

hiied help. Ihe total cost of keeping a cow proved to be $192 78 per 

year. Feed required 44 per cent of the total costs, labor 20 per cent, and 

other costs 36 per cent. Credits for manure and calves were $20 98 per 
cow, leaving the net cost per cow of $171.80. 

The average size of the herds in the New Jersey study was 23 2 cows* 
the range in herd sizes is shown in Table 99. 

Table 99.—Size of Herds in the New Jersey Study8 

Range (Number of Cows) 
6-10. ' Herds 

11-15.' ’ ’ . . 9 

16-20.. . 27 

21-25.^. . 48 

26-30.. . 34 

31-35.. ’ ’ .. . 21 

36-40... . 19 

41-50.. . 5 
51 and over. . 9 

Average cows per herd. . 4 

. 23.2 
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Table 100.—Distribution of Cows by Breeds8 

Percentage of 
Breed Total 

Holstein./. 59 

Guernsey. 29 
Jersey. 7 

Others. 5 

Total. TOO 

The average unit requirement of feed and labor for producing 100 

pounds of 3.78 milk in the 176 herds may be obtained from the data in 

Table 98. The calculated requirements are shown in Table 101. 

Table 101.—Calculated Unit Requirements for Producing 100 Lb. of 3.78 Milk 

on 178 New Jersey Farms 

Concentrates 
Roughages: 

Hay. 
Silage. 
Others.... 

Pasture. 
Other costs.. 

Labor. 

21 lb. 

20.9 lb. 

59 lb. 
5.2 cents 

16.0 cents 
85.0 cents 
2.04 hr. 

Table 102.—Relation of Cost of Producing Milk and Breed of Cows 

(New Jersey, August, 1933-Julv, 1934) 

Concentrates. 

Roughages: 

Hay. 
Silage. 

Others. 

Pasture. 

Total feed costs. 

Man labor. 
Depreciation on cows. 

Interest on cows. 

Building costs. 

Other costs. 

Total cost. 
Credit for manure and calves 

Net cost. 

Total cost per 100 lb. milk.. 

Total cost per qt. milk 
Total cost per lb. milk fat 

Production: 

Lb. milk 
Lb. milk fat 

Milk-fat test 
Number of farms 

100 per cent 
Guernsey 

2,133 lb. 

2,183 lb. 
4,446 lb. 

186 hr. 

100 per cent 
Holstein 

Mixed* 

$ 31. 65 

16. 71 
12. 99 

5 40 

$ 35 10 

$ 16 09 

$ 82 84 

44 61 

19 32 

8 15 

15 74 

43 52 

$ 214 18 

18 .52 

195 .66 

* 3 . 13 
0 .067 

0 .66 

2,838 lb. 

2,303 lb. 
4,893 lb. 

173 hr. 

$ 41.78 2,474 lb. $ 36.51 

16.33 2,554 lb. 18.15 

13.50 4,785 lb. 13.19 

4.47 3.28 

$ 34.30 $ 34.62 

* 11.91 $ 12.59 

$ 87.99 $ 83.72 

38.73 165 hr. 37.52 

15 71 13.37 

6 61 5.67 

15 61 16.02 

38.85 35.89 

«903 65 $191.79 

?6 70 21 47 

179.95 170.32 

f 2 24 $ 2.38 

n 648 0.051 

0.65 0.63 

8.052 

3] 9 1 306.2 

3.43 3.80 

19 41 

* Herds with less than 25 per cent of the cows of one breed. 
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One could then estimate the changes in the cost of milk production 

in this area by applying current costs to feed and labor, assuming othei 

costs to remain about constant. 
Table 102 illustrates the relation of breed to the cost of milk produc¬ 

tion on the New Jersey farms studied. As will be noted, the cost per 

100 pounds of milk varied with the fat percentage, whereas the cost per 

pound of fat was more constant. 
Figure 147, taken from the data of the New Jersey cost studies, 

illustrates the principle that milk production is more costly during the 

winter than in summer, when pastures are available. 

Los Angeles il Iilkshed, Cost of Milk Production A—The farms repre¬ 

sented in the New Jersey cost studies averaged 23 cows per dairy, 

whereas the cost studies on 81 dairies supplying the Los Angeles market 

averaged 162 cows per dairy and ranged from 20 to 675 cows. In this 

area the production of fluid milk is a highly specialized industry. Large 

herds are maintained on very small areas of expensive land, most of 

the feed is purchased, and practically no calves are raised. Abundant 

cheap alfalfa hay, however, is available from adjacent inland valleys, 

fable 103 reports an investigation of the cost of producing milk on 

ll al™ for the/°ar ,endins Dec- 31> 1939. The study was conducted 
by tl e Bmeau of Markets of the Department of Agriculture of the state 

of California to determine the cost of fluid-milk production in the Los 

1 ngdes maiketmg area, the figures serving to aid the director of agri¬ 

culture in setting the minimum prices the producers were to receive 

Similar cost studies were made for producing manufacturing milk-Tn 

a jacent areas that were potential fluid-milk sources if the differential 



452 THE MARKET-MILK INDUSTRY 

between manufacturing and fluid-milk costs became sufficient to encour¬ 

age the producer to become equipped for market-milk production. 

Table 104 illustrates one use for cost data. Standard costs for the 

81 producers referred to in Table 103 were prepared. The investigators 

felt that the standard costs represented the expenditures required of 

representative efficient producers to produce milk at a fair profit, main¬ 

tain their herds, and produce an even amount of milk throughout 

the year. Comparison of the two tables indicates the direction of the 

changes: feed costs were reduced to follow more closely those of the 

Table 103.—Average Costs Incurred by 81 Market-milk Producers in the 

Los Angeles County Marketing Area for the Year 19396 * 
Investment (Dairy 

Item Only) per Cow 

Cows. $104.10 

Bulls. 2 46 
Dairy buildings. 29.49 
Dairy equipment. 8.16 
Lots and corrals. 15.20 

Feed (1 month inventory). 10-24 

Total.   ®169-65 

Item 

Hay. 
Concentrates. 

Pasture. 

Silage. 
Green feed... 
Other feed... 

Total feed cost. 

Feed (dairy herd only) 

Quantity 
consumed 

per cow 

7,119 lb. 
3,823 lb. 
0.343 acre 
1,646 lb. 

10,544 lb. 
493 lb. 

Value 
Cost 

per cow 

Cost per 
lb. milk 
fat, cents 

$13.82 toil $ 49.21 12.50 

25.50 ton 48.75 12.45 

3.89 acre 1.33 0.34 

4.19 ton 3.44 0.88 
3.54 ton 18.66 4.76 

4.27 ton 1.05 0.27 

$122.44 31.26 

Labor (milk production only) 

Item Number 
employed 

Monthly wage, 
including 

board 

Cost 
per cow 

294.74 $124.04 $36.23 
A ACX 

44.44 101.35 4.40 

6.96 
63.65 110.38 

Family laoor. 
402.83 

$47.65 

Cost per 
lb. milk 
fat, cents 

* Pounds milk fat per cow, 391.72. 
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Table 103.—Average Costs Incurred by 81 Market-milk Producers in the 

Los Angeles County Marketing Area for the Year 19398.-*— {Continued) 

* Miscellaneous costs (dairy only) 

Item Cost per Cost per lb. milk 

cow fat, cents 

Taxes, licenses, insurance, etc. $ 6.38 1.63 

Herd replacement costs or value. 13.64 3.48 

Supplies and miscellaneous items. 6.97 1.78 

Depreciation, buildings and equipment. 1.44 0.37 

Rent. 2.51 0.64 

Total miscellaneous cost or value. $ 30.94 7.90 

Total all costs. $201.03 51.32 

Deduct miscellaneous income. 4.38 1.12 
Net total cost f.o.b. ranch. $196.65 50.20 

Add transportation to distribution plant. 11.75 3.00 
Add interest on investment at 6 per cent. 10.18 2.60 
Add stand -by deductions. 11.75 3.00 
Add management for owner. 10.00 2.55 

Total average costs. 240.33 61.35 

* Pounds milk fat per cow, 391.72. 

Table 104.—Standard Production Costs for Producing Market Milk for the 

Los Angeles County Marketing Area 

(Based on 81 herds*'6) 

Item 
Cows. 
Bulls. 
Dairy buildings. 
Dairy equipment. 
Lots and corrals. 
Feed (1-month inventory). 

Total investment. 

Investment (Dairy 
Only) per Cow 

- 8115.00 
4.00 

75.00 
- 16.50 
- 44.44 
- 10.00 

. ... $264.94 

Feed (dairy herd only) 

Item Quantity 
consumed 
per cow 

Value Cost per 
cow 

Cost per 
lb. milk 

fat, cents 

Hay. 
$13.00 ton 
23.00 ton 

Concentrates.. 
o. 1 o tons 
1.60 tons 

$ 66.69 16.67 

Total feed cost.. 
36.80 9.20 

$103.49 25.87 

- rtosumea production per cow, 400 lb. of milk fat. -- 
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Table 104.—Standard Production Costs for Producing Market Milk for the 

Los Angeles County Marketing Area.—(Continued) 
(Based on 81 herds*-6) 

Labor (milk production only) 

Item 

Number 

employed, 

including 

relief 

milkers 

Monthly wage, 

including board 

Cost 

per cow 

Cost per 

lb. milk 

fat, cents 

Milkers . 380 $126.00 $47.44 11.86 

Dairy laborers. 111 106.00 11.66 2.91 

TVit.al labor . 491 $59.10 14.77 

Miscellaneous costs (dairy only) 

Item Cost per 

cow 

Cost per lb. milk 

fat, cents 

$ 6.38 1.59 
_L 3/X6S, IlCcIlocj iiioui aiicc, .. 

16.66 4.17 

6.98 1.74 
supplies ana mioctsiicuicuuo .. 

4.46 1.12 
Depreciation, DUiiaings anu cquipmcui. 

Rent (considered in investment) 

Tntnl miscellaneous costs or value. $ 34.48 8.62 

$197.07 49.26 

4.38 1.09 

$192.69 48.17 
total net cost i.o.u. laiitn |. 

15.90 3.97 
Add interest on investment d.t u pt* vim. 

10.00 2.50 
Add management ior .. 

12.00 3.00 
Add stand-by aeauctioiib. 

12.00 3.00 

Total net cost including return on investment. . $242.59 60.64 

* Assumed production per cow. 400 lb of milk fat. 

t Based on feed and labor costs as of May 15, l.*40 

standard costs 
will be discussed m Chap XA.ll, me i me 

FACTORS INFLUENCING COST OF MILK PRODUCTION 

bout 75 peTront'of^he'total'cost^f'milk'production^'Economical milk 
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production, therefore, centers largely in the efficient use of feed and labor. 
The cost studies have also shown that the most important factors in the 
efficient use of feed and labor are (1) the production per cow and (2) the 

size of the herd. 
Production per Cow.—The average production per cow in a given 

herd is the most important single factor in determining the cost of milk 
production. The influence of a high average production operates in at 
least three ways: (1) A larger share of the feed consumed is used for milk 
production. (2) There is a greater opportunity for the more efficient 
use of labor. (3) The unit cost for herd sire, use of buildings, and equip¬ 

ment is lower. 
1. Efficient use of feed. The cow requires a certain amount for mainte¬ 

nance before any of the feed can lie used for milk production. Additional 
feed can be used for milk; and as the quantity of milk produced increases, 

•^777^77777777777^77^777/777 
if feed for maintenance//// 
Fz//////////////,////////////. 

Feed for~ 
^ production 

Low production 

High 
production 

Fig. 148.—Influence of high production on the economy in the use of feed. The low pro¬ 
ducing cow requires a greater proportion of the feed consumed for maintenance. 

Feed for milk production 

a smaller proportion of the feed is required for 1 pound of milk, for the 
maintenance quantity remains nearly constant. This relation is shown 
in Fig. 148. 

If low production is caused by the low inherent productive capacity 
of the cow, then more liberal feeding will not increase milk production 
but null make the cow fat. If, on the other hand, low production is 
due to a deficiency in total digestible nutrients, to a wide nutritive ratio, 
or to both of these factors, then there is an opportunity to decrease the 
cost of milk production by increasing the total nutrients or the protein 
content of the ration. 

Table 105 illustrates that as the milk production increases, the 
total digestible nutrients (T.D.N.) per unit of milk produced will decrease. 
Table 105 shows the relative feed cost of producing 100 pounds of milk 
with cows of different annual productions. If an annual production of 
10,000 is taken as 100 per cent, then the feed cost is 26 per cent more when 
the production is 6,000 pounds and 07 per cent more when the production 
is 3,000 pounds.3 In a study of the cost of milk production in Wisconsin 3 
the total digestible nutrients fed and the nutritive ratio of the ration 
caused more than half the variations in the average production of the 
herds studied Dairies that fed the smallest amount of total «bl 
nutrients and had rations with wide nutritive ratios averaged the lowest 
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production per cow. Table 106 shows that, as the nutritive ratio is 

narrowed, milk production increases, with the total digestible nutrients 

remaining constant. 

Table 105.—Relative Feed Cost of Producing 100 Lb. of Milk with Cows 

of Different Annual Productions3 

(Based on Digestible-nutrient Consumption Exclusive of Pasture—about 35 per Cent 
of Nutrients Obtained from Pasture) 

Annual production of 
milk per cow, lb. 

Digestible nutrients 
consumed per 100 lb. 

of milk produced, 
per cent 

Relative feed cost 
per 100 lb. of milk 
produced, per cent 

10,000 41.7 100 

9,000 43.8 105 

8,000 46.2 111 

7,000 49.2 118 

6,000 52.7 126 

5,000 57.0 137 

4,000 62.5 150 

3,000 69.7 167 

The economy of further narrowing the ratio depends largely upon the 

price of ordinary feeds, the price of high protein feeds, and the price ot 

milk The Wisconsin1 report docs show that protem-rich feeds have to 

be very expensive before it pays to feed a ration with » nutritive ratio 

as wide as 1:10. Where alfalfa hay is the basis of the ration, the nutntrve 

ratio is narrow, but some concentrates must be fed to overcome () 

certain protein deficiencies of alfalfa10 and (2) the inability ot a high- 

producing cow to consume enough alfalfa hay to sustain her daring heavy 

Efficient feeding, then, requires that cows able to P^duce^bun^Uy 

be fed balanced, economical rations in proportion to milk pioduct.o . 

Table 106,-Relation of Nutritive Ratio to Milk Production-- 

Total digestible 
nutrients, lb.* 

Digestible 

protein, lb. 

Nutritive 
ratio 

364 1:10 

444 1:8 

500 1:7 

Milk 
production, lb. 

6,890 
7,530 
8,280 

* In addition to pasture. . ■ • „ 

sJaiLZ r"“a h!?a"COntribUteS 
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to economical milk production. The labor cost for milking per pound fat 

produced would be at least 100 per cent more for a herd of 30 cows 

producing 5,000 pounds of milk a year than lor a herd of equal size pro¬ 

ducing 10,000 pounds. . 
The low producers require the same amount ol labor in respec 

washing the udders, cleaning the barn, and feeding as the high producers. 

Hence, the labor cost per pound fat for these items is lower when t le 

average production per cow is high. 
3. Finally, the unit cost for the herd sire, the use of buildings, bedding, 

and equipment is lower when the average production per cow is high. 

Size of Herd.—The size of herd is the second important item con¬ 

cerned with economical milk production. 1 his factor operates largely 

through its influence on the efficient use of labor. Larger herds permit 

the economical use of laborsaving devices, especially the milking machine, 

a greater division of labor, and fuller occupation of labor in milk production. 

The production per cow cannot be entirely separated from the size 

of the herd as a factor in economy. A large herd with a fairly large yield 

per cow may produce milk fat at a lower cost per pound of fat than a 

small herd with exceptionally high production. The explanation may 

be better utilization of labor in the larger herd or expensive forced pro¬ 

duction with the smaller herd. 

Where the number of cows per milker is limited by labor-union regula¬ 

tions, the economical size of herd is determined by multiples of the number 

of cows one man can milk (page 458). 

In the larger herds where milk production is the major enterprise, the 

cows are usually better fed and more carefully culled to give a high average 

production. The high production and the large size of the herd then 

combine to give maximum economy. 

Efficiency in Labor Utilization.—On the average, labor costs comprise 

about 25 per cent of the total cost of milk production. The size of herd 

has already been mentioned with respect to labor utilization. In 

some cost studies, the efficiency of labor is reported as human labor per 

cow. Because of the influence of production per cow on economy, it is 

better to compare labor requirements on the basis of hours of labor per 

pound of fat or per 100 pounds of milk of a given fat percentage. 

Labor requirements for producing market milk vary somewhat with 

local regulations on the care with which market milk must be produced. 

Where the cows’ udders are washed each milking and the cows are clipped 

regularly and milked in a separate barn, the labor involved will be greater 
than if this care is not required. 

Ihe labor required to produce milk during the winter is usually 

more than in summer, when the cows spend a good part of their time 

on pasture. 1 able 107 illustrates the labor required, determined in one 
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investigation,11 for producing 100 pounds of milk and hauling it to the 

shipping point. 

Table 107.—Human Labor for Producing 100 Lb. of Milk and Hauling It to 

the Shipping Point11 

Item 

Average 2 winters Average 2 summers 

Hr. Per cent Hr. Per cent 

Production. 2.04 80.0 1.67 76.5 

Handling. 0.31 12.1 0.33 14.9 

Hauling. 0.20 7.9 0.19 8.6 

Total. 2.74 100.0 2.19 100.0 

According to the different cost studies, 30 to 50 human hours of labor 

per cow are saved in milking during a year when milking machines are 

used.12 Labor costs or labor per cow may vary by more than 100 per cent 

per pound fat produced.13 Hence the efficient use of labor has an impor¬ 

tant effect upon the cost of milk production. 

Where labor has been organized, there is usually a restriction on the 

number of cows a milker may take care of. In one marketing area the 

following restrictions apply:6 
1. All hand milkers shall wash and milk not more than 30 cows. 

2. All machine milkers shall wash and milk not more than 60 cows. 

3. If cows are washed and fed grain by other employees, machine 

milkers shall milk not more than 90 cows. 
Cost of Producing Fluid Milk as Compared with Manufacturing 

Milk._The cost of producing fluid milk is usually considerably highei 

than the cost of producing manufacturing milk. Some reasons for this 

difference are as follows: (1) Sanitary regulations require better milking 

barns and milkhouses. (2) Mechanical refrigeration is often require . 

(3) The cows require more care, such as clipping and washing of udders. 

(4) Market-milk dairies are often adjacent to cities where land values are 

higher, the investment is greater, and there is less opportunity o giow 

feed (5) Higher feed costs are required to maintain year-round ^ 

production of milk. (6) Labor is likely to be better organized and to 

the cost of producing the two classes of milk 

varies depending upon the cumulative effect of these factors. In certam 

milk-marketing areas the difference in costs between P™1-The 

manufacturing milk is as much as 20 cents pi i I”’"" ; t is 

two classes of milk are produced in the same area the difference 

My to be less than when the fluid milkshed is isolated. 
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Factors Influencing Dairymen to Produce Milk below “Cost of 

Production.”—Cost studies of milk production may be less accurate or 

less precise than those in certain industrial enterprises because of the 

many estimates involved. Discounting the inaccuracy ot some of the 

estimates, however, it is evident that many dairymen, especially on 

diversified farms, continue to produce milk at a loss. Evidently, the 

cost studies do not fully evaluate the reasons why dairymen keep cows. 

Some of these factors not fully evaluated in the cost studies are as 

follows: 
1. The cow can utilize roughages, low-grade feeds, and pasture that 

would go to waste if not fed to cows. The cost accountant must assign 

to these feeds a value consistent with their nutrient content, and these 

figures may indicate excessive feed costs. The dairymen, however, may 

consider the enterprise profitable if some money is returned for the feeds 

that might not otherwise be utilized; the net result is a larger farm income. 

Cows often fit into diversified farming in a way that cost studies do not 

reveal. 

2. Labor utilization may influence a farmer to keep a few cows despite 

the cost accountant’s assurance that he is selling milk below the cost of 

production. The cost accountant must assign the going wage to labor 

engaged in milk production. This labor may be that of women or chil¬ 

dren, which would not be used if a few cows were not kept. The farmer 

may find employment during the winter when crops do not require his 

attention, or labor hired by the year may be used in the dairy during the 

winter. 1 he net result of using labor not otherwise employed is a larger 

farm income even if the hourly wage is low. 

3. The farmer may regard the manure from the dairy herd as an 
additional reason for keeping cows. 

4. The monthly or weekly check supplies the farmer with ready cash. 

5. Alternative enterprises may appear less profitable than milk 
production. 

These and other reasons may cause a farmer to keep cows despite low 

returns Although this type of milk production may be beneficial to the 

diversified farmer, it depresses the price of milk and hence harms the 

commercial dairyman, who often must pay market prices for feed and 
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CHAPTER XXII 

THE PRICE OF MILK AND PRICE PLANS 

The determination of the price of milk and the operation of price 

plans are among the most complex administrative problems in the indus¬ 

try. These and related problems have largely necessitated the recent 

increase in federal and state control programs.1 , 

Before discussing price plans in detail, we should enumerate the 

factors responsible for differences in the prices paid for market or fluid 

milk, market or fluid cream, and manufacturing milk. The different 

values of these three classes of product are the basis of modern milk-price 

structures. Price differentials between fluid milk and other dairy prod¬ 

ucts are influenced by (1) transportation costs, (2) costs due to sanitary 

regulations, (3) value assigned to solids-not-fat, (4) evenness of supply, 

(5) local competition for different classes of milk, and (C) price of other 

farm products of the milkshed. 

Before discussing each of these factors in detail, we shall describe the 

characteristics of a milkshed, for these are closely related to many of the 
factors listed above. 

Characteristics of a Milkshed.—A milkshed is the geographical region 

from which a marketing area secures its fluid-milk supply. In certain 

localities where fluid cream is produced under as rigid sanitary require¬ 

ments as fluid milk, the milkshed may also include the areas from which 
fluid cream is obtained. 

If all the land around the city were equally suitable to dairying and 

if transportation facilities were available from every direction, the milk¬ 

shed would tend to be circular, with the city at the center. This idealized 
condition is shown in Fig. 149. 

The zones of production for fluid milk, fluid cream, and manufacturing 
milk would then appear as in the figure, primarily because of transporta¬ 
tion costs. 

Market milk is bulky and perishable and must be supervised by local 

health authorities. The transportation costs, in consequence, and the 

necessity for sanitary supervision require that the zone of production 

canaL T tQ w0 If7 aS PraCticable- Since cream, being less bulky, 
can be slnpped farther, its zone tends to be immediately beyond the 

fort? Tv manufacturing-milk zone lies still farther beyond 
for reasons to be given later. y ’ 
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The simple milkshed shown in Fig. 149 is never actually realized. 

Production zones are shaped by existing transportation facilities, the 

relative suitability of different areas to dairying, geographical hindrances 

such as mountain ranges and bodies of water, and political divisions 

such as state lines. 

The milkshed in Fig. 150 illustrates certain factors that influence 

the shape. In this example, A is considered a large city, the primary 

* market of the milk-marketing area. Cities B and C are smaller and 

constitute secondary markets. The size of the milkshed is determined 

F.f 149_Idealized milkshed where land adjacent to the city is equally suitable tor dairy- 
tag and where transportation facilities are available from every d,rectum. 

primarily by the demand in city A; the shape by the available trans¬ 

portation facilities. The larger the city, the larger the milkshed an 

the more costly the supply. If, for example, the f.o.b city A pne o 

milk is $3 per 100 pounds for 3.5 per cent milk, producers livmg clo 

to city C could make just as much money by selling to dealers there 

™ «1» York PklM*'- 
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the 200-mile zone or farther. In Fig. 150, the milkshed of city D overlaps 

that of A on the southwest. The producers at receiving station z then 

have the choice of two primary milk markets. They will ship according 

to (1) relative freight rates, (2) sanitary restrictions, (3) price plans in 

the two markets, and (4) personal preference such as loyalty to a particu¬ 

lar cooperative milk-marketing association or to a dealer. ' 

Factors Influencing Price Differentials Among Fluid Milk, Fluid 

Cream, and Manufacturing Milk. Transportation Costs.—The relative 

cost of transporting fluid milk and cream and butter is the largest single 

actor m determining the differentials among these three types of product 
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and therefore in fixing their zones of production in relation to the city 

market.2 This relation is shown in Table 108 and Fig. 151. In 

calculating the f.o.b. city prices and the farm prices shown in Table 108, 

the following assumptions were made: (1) The value of fat in milk, cream, 

and butter was considered to be 35 cents per pound. (2) The skim milk 

in whole milk was valued at 80 cents per 100 pounds of milk, this value 

including the extra costs incurred in producing fluid milk because of 

sanitary requirements. (3) The value of the skim milk obtained from 

cream was considered to be 40 cents per hundredweight, not including 

Table 108.—Transportation Costs in Determining the Production Zones of 

Fluid Milk, Fluid Cream, and Butter_ 

Item 

100 lb., 4 per cent milk. Fat 

value 35 cents per lb. Skim 

80 cents per 100 lb. 

10 lb., 40 per cent cream. 40 

cents for skim. 

5 lb. butter. 35 cents skim- 

and buttermilk 

F.o.b. 

city 

$2.20 

Miles from city 

50 100 200 300 400 

$2 075 $195 $1.70 $1.45 $1.20 

1.738 1.707 1.676 

1.72 1.71 

1.785 1.769 

Zone II Zone III 
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payment for extra sanitary requirements. (4) The skim milk and butter¬ 

milk from butter production was valued at 35 cents. (5) The freight 

rate on milk was calculated at 34 cent per mile per 100 pounds and for 

the milk equivalent in cream and butter at 342 and 346 cent per mile. 

The heavy line in Table 108 emphasizes the limits of the three produc¬ 

tion zones with respect to transportation costs. On the assumption 

that 80 cents per 100 pounds will pay the extra costs of producing fluid 

milk, zone I may be expected to extend about 190 miles from the city 

before it becomes more profitable to ship fluid cream. The cream zone 

lies in the region between 190 and 225 miles, and the manufacturing 

milk zone beyond the 225-mile zone. Figure 151 shows the data graphi¬ 

cally. At point B the returns from shipping fluid milk and fluid cream 

are equal; at point C the returns from fluid cream and butter are equal. 

In practice the zones are less well defined than in the table and 

figure. Their limits fluctuate with the seasons. During the months 

of high production, more fluid milk will originate closer to the city, 

more fluid cream will come from the rim of the fluid-milk zone, and much 

of the fluid-cream area may produce churning cream and manufacturing 

milk. Condenserics or cheese factories are likely to be located in the 

fluid-cream zone and to compete with the city market for this milk. 

In months of low production the fluid zone may be extended. Within 

that zone, certain dairymen may find it easier to produce churning cream, 

or they may not be equipped to satisfy the sanitary regulations, or they 

may not be temperamentally suited to meet the rigid demands of 
fluid-milk production. 

Costs Due to Sanitary Requirements.—The second important reason 

foi pi ice differentials among fluid milk and cream and manufacturing 

milk is the difference in expense of producing these three classes of product 

because of sanitary requirements. In areas where the buildings and 

equipment do not differ greatly as between those required for producing 

fluid and those required for producing manufacturing milk, the differen¬ 

tial for this factor does not need to be great; producers could alternate 

between fluid and manufacturing milk markets without great expense. 

When, however, the sanitary regulations require the milking barns 

and milkhouses of fluid-milk producers to be substantially more expensive 

than those required for manufacturing milk in the same area, the costs 

are appreciably increased. If the milk must be cooled by mechanical 

refrigeration, the costs are still higher. The producers who have equipped 
themselves to produce market milk, however, tend to continue even if 

the premium is lowered. They expect other producers to drop out and 

that the supply will be thus diminished. In the long run, however the 

s —*• -■ - 
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The amount of the differential required to secure sufficient fluid milk 

is determined by the dairymen’s response, in the different producing 

zones, to the proposed differentials. If a premium of 15 cents per hundred 

is offered to manufacturing-milk producers to encourage them to change 

to fluid-cream production, the f.o.b. price of fluid cream in the problem 

shown in Table 108 would be $1.95, and the price at the 300-mile zone 

would be $1,865, whereas that of butter remains at $1.72. If the pro¬ 

ducer considered the difference of 14.5 cents per 100 pounds of milk 

sufficient to repay his direct costs and the effort to produce fluid cieam 

as compared with churning cream, he would doubtless become a fluid- 

cream shipper. If, on the other hand, he did not regard the differential 

as sufficient and if his cream was needed, he would require a higher 

premium. In the same way, the differential offered fluid-cream producers 

to change to fluid-milk production must be made sufficiently attractive. 

Value of Skim Milk.—The differential maintained between fluid and 

manufacturing milk in the different production zones is influenced by the 

value the dairymen assign to skim milk. Those close to cities usually 

ship all their milk to the market, forgoing the use of skim milk lor feeding 

calves This practice leads to a higher herd-replacement cost, which 

tends to decrease the advantage of lower transportation costs. Fluid- 

cream producers who utilize skim milk for feeding calves and oter 

livestock must be offered a premium high enough to 'or^ 

loss of skim milk before they will produce market milk. \\ hen 

milkt fed with corn for fattening hogs, 100 pounds has a value approxi- 

production of 

nr sats 
herd freshen in the fall and that ^Tater 

in order to maintain P~duc^ J.“ n there will be a peak during 

****** paid for fluid °ver manufactunng 
milk must include this expense. producing zones, competition 

Local Competition for Milk. In toP * a cheese factory 

for milk exists in certain areas. I.^a^ attractive to the dairymen 

or a condensery may <>ff 1 transportation to the city. In order, 
when he considers the cost tv„ ritv market must offer a premium. 

therefore, to secure market crea > • rim of thc fluid-milk zone. 

Condenseries may also compete 1 - ^ cream and little manu- 

Where most of the mil' is use ^ differential may be maintained 

factoring milk is than where only a fraction is used as marke 
without increasing tne ^upp y 

milk and. cream. 



THE PRICE OF MILK AND PRICE PLALS 467 

Prices of Other Farm Products.—The price of other farm products 

grown in the milkshed influences the level at which fluid-milk prices 

may be maintained over that of manufacturing milk. If fluid-milk 

prices are relatively high as compared with those of alternative farm 

enterprises, the supply will be excessive, and the differential must be 

lowered if a uniform output is to be maintained. 

METHODS OF BUYING MILK 

Direct Purchases from Dairymen.—Before 1914, most of the fluid 

milk was purchased directly from dairymen without the assistance of a 

marketing association. Nearly half the milk is still purchased by this 

method. The plan is now, however, more prevalent in the smaller com¬ 

munities. Under this system the dealer usually posts the price he will 

pay, and the producer accepts it or finds another market. rio secure a 

sufficient supply of satisfactory quality, however, the dealer must offer 

a higher price than the producer would receive if he sold to a condensery, 

a cheese factory, or a butter plant. 

Dairymen’s Cooperative Bargaining Associations.—The rise of dairy¬ 

men’s cooperative bargaining associations has influenced the development 

of price plans and the conference method for determining price. The 

growth of cities, the development of the market-milk distributing busi¬ 

ness, and its concentration in the hands of relatively few distributors 

in each primary market gave the dealers a decided advantage over 

individual dairymen in determining prices. The cooperatives have been 

developed to place the producers in an equivalent bargaining position. 

Before the First World War, only 14 cooperative milk producers’ 

associations were formed.2 By 1936, 46 were operating in Ohio3 alone; 

and now most of the primary markets have one or more associations, 

formed mainly to negotiate prices with dealers and to operate price 
plans affecting fluid-milk surpluses. 

Types of Cooperative Milk Producers’ Associations.—Milk producers’ 
associations may be classified on the basis of their activities: 

1. Bargaining associations. These are formed primarily to negotiate 

with a dealers’ association in determining the price. They usually do 

not maintain facilities for handling milk and take no title to it. The 

dairymen deliver the milk directly to the dealers. This type of associa¬ 

tion requires a small investment. It has less contact with its members 

than the other two forms of organization. It may supervise weighing 

and testing ol milk and provide a field service to assist dairymen in 
maintaining satisfactory quality. 

2. Bargaining association with processing facilities. This type of 

association bargains will, dealers for the price of milk and may in addition 

mamtam country receiving stations, transportation facilities, and process- 
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ing plants for handling the surplus. The different associations vary in 

the amount of processing facilities that they operate. Under one plan, 

the dealers are furnished with their fluid milk and cream requirements, 

and the association disposes of the surplus; in another, a surplus plant 

is not operated but is kept ready in case of a dispute with dealers over a 

satisfactory price. Often, the processing association has a large invest¬ 

ment in plants and equipment. Such organizations have a closer con¬ 

tact with the membership and are usually in a superior bargaining 

position as compared with the strictly bargaining associations. 

3. Cooperative distributing association. This type of association 

is usually much smaller than the other two; it generally controls the milk 

of only a few producers in a given market. It is formed more frequently 

in a smaller community, by dairymen adjacent to the city; and it usually 

competes with private distributors. 
The bargaining association with processing facilities may operate 

as a bargaining association in the primary market and as a distributor 

in secondarv markets where their processing plants may be located. 

Operation of a Successful Cooperative.—Many cooperatives have 

undergone a succession of reorganizations because they were not founded 

on sound principles. Often, the members regard the primary function 

of the association to be the establishment of as high a price as possible. 

When the officers have followed this plan without due consideration of 

the economic factors involved, the associations have not prospered. 

Several factors affect the success of a cooperative milk-marketing 

association. , . . 
1 Management. If the association is strictly a bargaining orgamza- 

tion ' the manager should be well versed in the economics of production 

and distribution; he should understand the operation ol the organizing 

function of prices, should be realistic in his negotiations with dealers, 

and should attempt to secure prices beneficial to his members in the long 

run The board of directors should likewise be able to see more than 

their own immediate interest and to work with the manager for the good 

°f wTente association also operates processing plants trained and 

effilnt managers must be secured. Ability rather than relat.onship to 

lodatiZ"at^LtsZTZnmBuMin on Dairy Condition, and 

Outlook whose contents include4 

«. A short statement of the general businTfflatter prices for the current 

b. A table showing class price***orr£pLling month of the previous year, sup- 
month, the previous month, and the correspond!! b 

plemented by discussion 
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c. A statement concerning the purchasing power of milk in pounds of grain for the 

current month, the previous month, and the corresponding month of the previous 

year, with a normal average for the month 
d. A statement of production trends, with tables showing production per day per 

dairy this year, a year ago, and 2 years ago, both semimonthly and weekly 

e. A statement of total market receipts of milk and cream at Boston, with tabular 

comparisons 
f. A statement concerning milk-price trends in New York, the adjacent market 

area 
g. A tabular comparison of fluid-milk prices and of retail quart prices for the cur¬ 

rent month of this year and last year in 15 New England cities 

h. A table showing semimonthly wholesale cream prices this year and 1, 2, and 

3 years ago, with discussions 

i. A discussion of trends in the butter market, with a table of cold-storage holdings 

for the last 6 years 

j. Two tables, briefly discussed, on cost-of-production factors, the first showing 

changes in composite grain prices, hay prices, and labor wage rates; and the second 

showing retail prices of selected concentrate feeds 

k. A table showing changes in the relative price levels or the index numbers of 

prices of milk, butter, grain, hay, farm wages, general wholesale commodities, and all 

other farm products. 

When the members are informed of production trends and costs and 

the available supplies of competing products, they can better adjust 

their operations and understand the price negotiated by the officers. 

3. Control of market. A cooperative milk producers’ association is 

more likely to be permanent and to stabilize a market if a good share 

of the producers in the area are members. With a control of most of the 

fluid milk in the area, the association can handle the surplus more satis¬ 

factorily and secure an equitable share of the fluid-milk market for each 

producer. Often, where many producers are not members, they may 

benefit fiom the efforts of the association to control surplus without 

contributing to the expenses. They may sell all their milk to certain 

dealers, who are not cooperating with the association, at a price higher 

than the blended price of the association. These dealers likewise may 

undersell the cooperating dealers because they have purchased their 

fluid milk at a lower price than the dealers who pay the full class I price 

for all fluid milk. This condition leads to an unstable market and to 

Vhen the association controls the market, however, certain obligation, 

must be assumed. Surplus disposal is then their responsibility, anc 

produceis must be induced to furnish the market with an even supple 

throughout the year. Control of the market implies ability to includi 

a monopoly factor in determining prices. Experience has shown thal 

this condition will widen the milkshed and lead to further surpluses 

The association should be open to all qualified producers in the area 
otherwise, an unstable market will eventually develop. 
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SURPLUS PROBLEM 

The “surplus” of fluid milk causes most of the marketing problems. 

The milk is “surplus” only in that it was produced at the cost of fluid 

milk and yet must be sold for manufacturing. 

Kinds of Surplus.-—Before discussing surpluses in detail, we should 

realize that there are several types of surplus. Figure 152 illustrates 

these. 

j 1. Necessary Surplus.—Although the demand for fluid milk is 

relatively constant, daily fluctuations occur. In some markets, these 

' .*'* y 
Seasonal surplus 

N\NN N\\N 

Constant surplus 

Necessary surplus 
mam kxZ* 

M 

utilized 
I 1 
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F,o. 152.—Kinds of milk surplus: (1) necessary or standby, (2) constant. (3) seasonal. 

may amount to as much as 20 per cent of the total • where* in others 

10 per cent, may be an ample stand-by surplus.8 In Los Angeles the 

dealers purchase about 15 per cent ^“y'LppVis recognized 
ensure a supply for all emergencies. This tand PI - blfehed 

as a necessity, and 3 cents per pound o at» "converting this 
minimum prices to producers to off et thetadue 

surplus into manufactured products, d his stand ny, 

suTc™2nfZ^ 
”'nk P Thist,irisna‘Sablcer fluid milk if production conditions 
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for fluid sales 
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such as poor feed reduce the supply or if consumer demands increase. 

A large constant surplus, however, indicates that the milkshed is laigt i 

than necessary. A method of limiting this type of surplus is to enforce 

more rigid inspection or to limit the inspection area. The constant 

surplus tends to lower the blended price throughout the year. 

j 3. Seasonal Surplus.—1The seasonal surplus occurring in spring and 

summer is the real problem, for it may lower theTlended price of milk to 

disastrous levels. The base-surplus plan to be later discussed was 

devised to reduce the seasonal surplus. 

Table 109.—Comparison of Seasonal Variation of Milk Production in the 

New York, Pittsburgh, and Philadelphia Milksheds, 1936' 

(Daily Receipts in Per Cent of Daily Average for Year*) 

Month New York Pittsburgh Philadelphia 

.Tn.nnn.rv . 81 81 90 

Pehrunxy . 85 83 92 

March. 96 91 95 

April . 108 101 101 

May. 131 129 116 

June . 138 138 119 

July. 111 116 108 

August. 97 108 108 

September. 99 103 104 

October. 92 90 92 

November. 80 79 86 

89 December. 82 81 

* Corrected for trend. 

PRICE PLANS 

The present complex price structures used in purchasing milk in the 

large markets have been gradually evolved from the experience of the 

past twenty years. Because of the large fluid-milk surpluses at certain 

seasons, producers have sought a price plan that would permit payment 

foi milk on a use basis and yet reward those who attempted to limit the 

seasonal surplus by maintaining a fairly even production throughout 
the year. 

Before the First World War the presence of surpluses in the fluid- 

milk market was less troublesome; sanitary regulations were not so 

stringent, and the difference between the production cost of fluid and 

manufacturing milk was smaller. It made little difference whether 

milk was sold fluid or used for butter, cheese, or condensed milk 

Highways were less good than today, and truck transportation was 

not important; the milkshed was therefore confined to the immediate 

vicinity of the plant, where the farmer could go with horse and wagon 
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and to areas where railway transportation was available. All the local 

milk might be used for fluid consumption throughout the year, and 

the shortage during low production might be made up by purchasing 

manufacturing milk from greater distances where railway transportation 

was available. This seasonal supply, however, did not press so heavily 

on the city market for an outlet during periods of high production. 

With the improvements of highways and trucks, new production 

areas were opened nearer the city. In Baltimore the milkshed was 

narrowed from 100 to 60 miles by this development.8 Fluid-milk 

production was stimulated in the newr areas closer to town, and the sur¬ 

plus problem became more acute. The sanitary requirements became 

more rigid, and the differential between the cost of producing fluid and 

manufacturing milk became greater. The surplus now presented a 

greater loss to the fluid-milk producer, for it had to compete with manu¬ 

facturing milk produced under lower cost conditions. The cooperative 

bargaining associations arose at this time,-largely to cope with the problem 

of securing a more equitable price for fluid milk in the presence of large 

surpluses. 
The present price plans may be considered to have evolved as follows: 

(1) flat rate, (2) classified use, (3) base surplus, and (4) combination of 

classified use and base surplus. 
Flat-rate Plan—The flat-rate plan was the only one common before 

1918.9 Under this plan, all milk received from a producer was paid 

for at a uniform rate regardless of the use. If some of the milk had 

to be made into cheese or butter, the flat rate was made low enough to 

compensate for converting the milk to a product ot lower value. The 

dealer must “guess” the price he could pay, for he could not accurately 

judge the amount of milk he would receive or the market for the excess. 

Under these conditions, he naturally paid as little as possible. During 

the flush season when milk was plentiful, the price was often very low, 

whereas in winter it was materially increased, especially by any shortage. 

The flat-rate plan was first applied to liquid measure—the gallon or 

10-gallon milk can. This was an unsatisfactory method of buying; and 

when the Babcock test became common, milk was purchased on weig i 

and test, with differentials for variations in fat content. 
The flat-rate plan is still used in many of the smaller markets, but i 

is applied in a different way. A dealer may pay a flat rate for milk but 

he will ordinarily use all the milk for fluid distribution. In some of the 

larger markets the cooperative associations charge the dca ois a 

for fluid milk. In effect, it is a pool price; for the association handle 

the surplus, and the producers arc paid a blended 
weighted average of the flat price to dealers and the manufactu g 

price of the surplus milk. 
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Use-classification Plan.—The fiat-rate plan did not provide for 

payments to producers on the basis of use. In effect the dealer estimated 

the use of the milk, but he only “guessed.” Under the classified-use 

plan, the different uses are defined, and a means of determining pi ices 

is provided. The plan was in operation in Boston as early as 1898.10 

The Dairymen’s League Cooperative Association in New York State 

adopted this type of plan in 1921, and at present it is recognized in most 

American milk markets. 
In its simplest form the plan provides for two classes! class I for 

fluid milk, and class II for all other milk. Some markets recognized 

three classes, and in New York City as many as nine have been 

defined. 
The following classification illustrates the principle: 

Class I. Fluid milk. This class receives the highest price because 

of the extra expense in production; it is not in direct competition with 

manufacturing milk, and all the solids-not-fat are utilized as human 

food. The class I price is usually the negotiated price. 

Class II. Fluid cream. This class receives the next highest price. 

It can be transported farther than fluid milk and must therefore compete 

with at least part of the manufacturing milk. Often, it must be produced 

under rigid inspection and hence must receive a premium over manu¬ 

facturing milk. The price is usually determined by a formula. This 

may be a definite deduction from the price of fluid milk, or it may be 

based on the price of butter or manufacturing milk plus a premium. 

Class III. Milk used in ice cream. This class has a lower value than 

class II, but a higher value than milk to be converted into butter. 

Class IV. Milk used for butter manufacture. This class receives 

the lowest price, which depends upon the butter market. Milk and cream 

returned from the routes are commonly converted into butter and paid 
for as class IV milk. 

Other price plans provide classes for evaporated milk and other 

products that may be important in a particular market. Fluid cream 

is occasionally included in class I milk. A recent report of the National 

Cooperative Milk Producers’ Federation contained the following state¬ 
ment on the classification plans.11 

It is of interest that during the past few years there has been a marked tend¬ 
ency to secure greater uniformity in classification plans. By and large the tend 

ency appears to be toward three general classifications, namely; Class I, fluid 
i , Class II fluid cream; and Class III, milk and cream used for manufacturing 

purposes These three general classifications may be broken down further in 
some markets, but it appears that on the whole the industry is “drifting” toward 
these three general groupings. The trend toward greater standardLtinn i 

classifying milk is no doubt due in part to operation of Federal and State regula- 
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tions and to a greater exchange of ideas between cooperative associations in the 
various markets. 

The justification of paying for milk according to use is based on the 

factors that determine the differentials for fluid milk and cream as against 

manufacturing milk-—namely, transportation costs, sanitary regulations, 

and competition for the different classes of milk. These factors have 

been discussed in detail under Characteristics of a-Milkshed. 

When the use-classification plan is employed, the dairyman receives 

a blended price of the weighted average of prices received for the different 

uses. This plan involves the use of a dealer pool or a market pool. 

Dealer Pool— In the absence of a cooperative association or a federal 

or state control board to operate a market-wide pool, the individual- 

dealer pool is used. This system is based on the principle that all 

producers shipping to a dealer will receive a uniform blended price for 

milk of equal quality regardless of how any particular producer’s milk 

is used. The milk of one producer might be all for fluid purposes; that 

of another for manufacturing. Yet they receive the same blended or 

pool price for milk of the same fat content. The proportion used as 

fluid by the dealer will then influence the blended price; if the dealer 

has a high proportion of his supply as fluid, the pool price will be higher 

than if a large share is used for manufacturing. As a result, different 

producers in the market receive different prices, depending upon the 

dealer’s sales. 
Market Pool— When the milk is sold to the dealers by a cooperative 

association, two plans are available: (1) The association may charge a 

flat price for milk sold to dealers for fluid purposes and handle the surplus 

independently. All dealers then pay the same for their fluid milk. 

The producers, however, receive a blended price calculated by the 

association on the basis of the use. All producers receive the same 

blended price regardless of which dealer used their milk. (2) e 

producers may ship directly to the dealers, who then dispose of the milk 

according to the requirements for fluid milk. Under this plan an equa - 

ization fund must be operated to enable the dealers to pay a unifoim 

pool price to all producers in the market and to equahze the costs when 

the milk of different dealers is used in a different way. 
The method of determining the weighted average pnce to producers 

and the operation of the equalization fund are shown m the problem 

presented^m are considered to represent all the^flmd- 

milk producers in the milkshed, where the total production‘ 

i Tho established class prices in the market for 1 1 
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$5 175.00, and the weighted average or blended price was $2.25 per 

100 pounds. Two distributors, X and Y, represent the dealci s in 

milksheds; dealer X used class I, class II, and class III milk, whereas 

Table 110-Calculation of Dealer-pool Price, Market-pool Price, and 

Operation of Equalization Fund When Milk Is Purchased on the 

Use-classification Plan 

Producer 
Class of 

milk 
Lb. 

Rate per 

100 lb. 

Market 

value 

(dealer 

pool) 

Payment 

to pro¬ 

ducers 

(market 

pool) 

Difference 

between 

dealer- and 

market- 

pool value 

Producers Selling to Dealer X 

A I 42,000 $2.50 $1,050.00 

II 30,000 2.00 600.00 

III 18,000 1.50 .270.00 

Total. 90,000 $1,920.00 

Weighted average (dealer-pool price) 2.13 

Weighted average (market-pool price) 2.25 $2,025.00 -$105.00 

B I 20,000 2.50 $ 700.00 

II 20,000 2.00 400.00 

III 12,000 1.50 180.00 

Total. 60,000 $1,280.00 

Weighted average (dealer-pool price) 2.13 

Weighted average (market-pool price) 2.25 1,350.00 - 70.00 

Total dealer X receives from equalization fund $175.00 

Producers Selling to Dealer Y 

C I 46,900 2.50 $1,172.50 
II 3,100 2.00 62.00 

Total. 50,000 $1,234.50 
Weighted average (dealer-pool price) 2.47 

Weighted average (market-pool price) 2.25 1,125.00 +$109.50 
D I 28,000 2.50 $ 702.50 

II 1,900 2.00 38.00 

Total. 30,000 $ 740.50 
Weighted average (dealer-pool price) 2.47 
Weighted average (market-pool price) 2.25 675.00 + 65.60 

Total dealer Y pays to equalization fund. $175.00 

used only class I and class IT. Producers A and B were the patrons of 

dealer X, and producers C and D were the patrons of Y. 

If dealer pools were operated, the patrons of X would receive a blended 

price of $2.13, whereas those of Y would receive $2.47 per 100 pounds of. 
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milk. Thus, patrons of X would receive $0.12 below the market average 

of $2.25, and the patrons of Y would receive $0.22 above the market 

average. In the absence of an agency to operate a market pool, pro¬ 

ducers will probably try to become patrons of Y, who has a larger pro¬ 

portion of fluid-milk sales and hence can pay a higher average price 

to his producers. 

A market-wide pool is usually considered more equitable, for all 

producers receive a uniform price. This is the only feasible plan for a 

cooperative, for the members would not look with favor upon some 

producers’ receiving a higher price because of the use of the milk by a 

particular dealer. When a market pool is operated, the differences 

between the market value (dealer pool) and the payments to producers 

(market pool) must be adjusted. This is accomplished with an equaliza¬ 

tion fund, to which dealers whose dealer-pool price is greater than the 

average or market-pool price pay the difference, and from which those 

whose dealer pool is less than average receive an equivalent amount. In 

the problem under consideration, dealer Y paid $175.00 into the fund, and 

X received $175.00. This adjustment made possible a uniform payment 

of a blended price of $2.25 to all the producers and at the same time 

equalized the cost of milk to the dealers on the basis of theii use of milk. 

The successful operation of a market pool and equalization fund 

requires auditing of the dealer books to determine the use of milk and 

the amount each dealer pays to or receives from the equalization fund. 

The dealers are usually bonded in order that producers may be assured 

of pay. , . , 
The use-classification plan lacks one important feature that modem 

milk-marketing plans should include, namely, the incentive to limit 

seasonal surplus. In fact, the plan of using one average price for milk 

throughout the year intensifies the surplus problem. To control sur¬ 

pluses, the basic-surplus, base-rating, or quota plan was developed. 

Basic-surplus Plan.—The theory behind this plan is as follows. (1) 

The sales of fluid milk are relatively constant throughout t e \cai, 

whereas production tends to increase greatly in spring and summer 

because of the practice of having cows freshen in the spring and becaus 

of the better feeding condition. (2) This discrepancy between constunp- 

tion and production sends to market some surpuUhd ^ 
bo disoosed of in manufacturing. (3) I he miiksnca it , 

to the geographical area that can supply sufficient fluid milk dun g 
to tne geogiapima Producers who arrange to produce 
months of lowest production. (4) 1 lod lce,s freshen in the 
a uniform amount throughout the year y g , 
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a low blended price caused by dairymen who produce excessively during 

the spring and summer. 
The basic-surplus, or base-rating, plan attempts to secure a share of 

the fluid-milk market for each producer in the milkshed on the basis 

of his production during the months of low output. T his quantity of 

milk is called his “base,” and theoretically he receives the class I price 

on this quantity throughout the year. Milk in excess of this quantity 

is surplus and commands a lower price. 1 he producer receives, accord¬ 

ingly, the weighted average of the prices of class I and surplus milk. 

By producing a relatively even amount throughout the year, he may 

cause his weighted price to approach the class I price. rl he producers 

who do not supply an even amount receive a lower blended price. This 

plan tends to reduce surpluses and stabilize fluid-milk production within 

a given milkshed. Thus, it permits the producers to share the costs of 

carrying the surplus on a fair basis. The plan is usually operated when 

a cooperative milk producers’ association markets a large share of the 

milk in a given milkshed or where a federal or state agency administers 

milk marketing. 

Development of the Basic-surplus Plan.—The plan was used in some 

form in the Boston, Los Angeles, San Diego, and Cincinnati markets 

prior to 1918.12 Its success in Baltimore beginning in January, 1919, 

and Philadelphia in January, 1920, together with the publicity received 

by these markets, has established them as the founders of the basic- 

surplus plan. Private dealers in several places had introduced similar 

schemes before formal base plans were developed by the cooperative 

associations. Before the adoption in Baltimore, 65 per cent of the milk 

was produced in the spring and summer; 35 per cent in the fall and winter. 

After the plan had been in operation 3 years, production throughout 

the year shoved a little variation.8 1 he idea was soon extended to 

other markets, largely on the basis of its success in Baltimore and 
Philadelphia. 

Welden and Hermann,12 having investigated the plan in the United 

States, report that in January, 1940, 101 of the 102 markets, where 

information is available, were using the base, or quota, plan. In 31 

of the other milk markets the base plan had been used at some previous 

time Table 111 shows the relation between the use of the base plan 
and the presence of governmental control programs. 

The data show that where local groups desire a base plan and where a 

suitable one can be worked out, control agencies are willing to include 
the plan in the pooling system of the regulatory program 

Variation in the Basic-surplus Plan.—The details of the basic-surnlus 

Plan vary in the different markets and are frequently ohang d in a,w 

individual market to meet changing conditions or to correct the "aulS 
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that experience reveals. The plan may be considered a pooling mech¬ 

anism that can be operated in many different forms. Some important 

variations are discussed below: 

Table 111.—Relation between the Use of Bases or Quotas and the Presence 

of Governmental Control Programs in 162 Milk Markets, 

January, 194012 

Number of markets 

Type of control program 
Population of 

market 
On which 

information 

is available 

Using 

basis or 

quotas 

Not using 

basis or 

quotas 

Federal. Less than 200,000 13 9 4 

200,000 or more 14 5 9 

Total 27 14 13 

State. Less than 200,000 38 28 10 

200,000 or more 24 16 8 

Total 62 44 18 

No control. Less than 200,000 63 37 26 

200,000 or more 16 10 6 

Total 79 47 32 

All markets*. Less than 200,000 110 71 39 

200,000 or more 52 30 22 

Total 162 101 61 

. Net total, a- different from .ppar.at for there are both federal and .late program, in ,« 

markets; four of them use bases, whereas two do not. 

1 Open and dosed base plans. The plan is operated in different 

markets as a “closed-” or an “open’’-base plan. With the cl<*M-*** 

system the quota established in one period is maintained foi several 

years ’ This arrangement tends to restrict the volume of milk for which 

any producer may receive the base, or class I, price to a volume that 

produced in a previous period or to a practical increase resulting from 

an increase in milk sales. Bartlett1" regards the closed base as 

. unsound and unwise, because in the first place it ^ th. 
m +bo hpnefit of the less efficient dairymen, particularly l 

-'rcrisr—s ss."». ■* «”• «"* “ ■ 
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effect on seasonal variation, which is the principal reason for establishing 

the base plan. Of the 83 markets studied by Welden and Hermann, - 

17 used the closed-base policy and carried the same bases over from year 

to year with only minor adjustments if any. They list the immediate 

dangers from a closed-base policy as follows: (1) Low-base members 

may leave the cooperative association. (2) The association may not 

get its proportionate share of new producers. (3) .Producers may become 

dissatisfied with the system. (4) Bases may come to be regarded as 

separate property rights rather than indications of temporary privileges 

in the current milk market. (5) The influence of the base plan on 

seasonal variation may be lost. (6) The base plan may lose flexibility. 

(7) The association may bo severely criticized as exercising arbitrary 

and monopolistic powers. 
The open-base policy usually provides that each producer shall earn 

every year an entirely new base, unrelated to the base previously held. 

This plan involves no artificial restriction on the quantity of whole milk 

that each producer shall be permitted to market during any given year 

or on the number of producers selling whole milk to a given market. 

Under this plan, new producers, after a short probation, can sell on a 

parity with older producers. When bases are changed at the yearly 

reassignment, the producers shipping the highest percentage of surplus 

milk during the normal period of low production are usually given 

increased bases, for they have demonstrated their desire and ability to 

produce more milk. The latter system is used in the Baltimore market.8 

The open-base policy is used in 41 of the 83 markets studied by 

Welden and Hermann.12 A partial open base was used in 25 of the 

markets; that is, entirely new bases were established each year, not for 

all producers, but only for those whose deliveries were out of line with 
their base assignments. 

2. Bases for new producers. The plans must provide for -assigning 

bases to new producers. The probationary period, is usually 1 to G 

months, during which the new producers receive the surplus price for 

all milk. During this period, they demonstrate their ability to produce 

satisfactory quality. In the Baltimore market, according to one option, 

new producers rdt-eive 1 cent a gallon below the association blended 

price the first year and are assigned a quota the second year based upon 

their fall deliveries the first year. This base is not less than 50 per cent 

of their fall deliveries. The second year, the base is not less than GO per 

cent of the second-year fall deliveries; the fourth year, they qualify as 

old producers.12 In the Philadelphia market, new producers receive 

surplus prices for all their milk for the first 30-day average, and after 

then fit st base-forming period they are on the same footing as other 
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3. Base adjustments and transfers. Adjustment of bases is one 
major administrative problem in the operation of a base plan. Where 
the plan is operated by a cooperative association, the board of directors 
or a base-plan committee usually assigns the bases, makes the adjust¬ 
ments, and transfers the bases. In certain markets, bases are personal 
property and may be sold, whereas, in others, bases may be transferred 
within a family if the herd is transferred. In the Baltimore market the 
policy is to prevent consolidation of bases. 

4. Determination of base-forming period. The length and timing of 
the base-forming period show more variation than any other factor 
in the different modifications of base-rating plans. Table 112 prepared 
by Welden and Hermann12 illustrates this fact. 

Table 112.-—Length of Base-forming Period under the Base Plan Used in 

82 Milk Markets, January, 194012 

Months in 
base-forming 

period 

Number of markets using a base-forming period for 
Total 

markets 
1 year 

2-year 
average 

3-year 
average 

5-year 
average 

0.5 1 1 

1 4 1 5 

2 1 . . 1 

3 13 1 1 15 

4 10 10 

5 9 2 2 13 

6 14 # # 1 . . 15 

7 1 , . . . 1 

8 1 , . 1 

9 5 5 

10 1 1 

12 9 3 2 14 

All periods. 69 4 7 2 82 

The length of the period taken for determining the base, or quota, in 
the different markets ranged from 2 weeks to 36 months, with 3, 4, 5, 6, 
and 12 months the most common. Eight markets used the 2- , 3- , and 
5-year average for selected months, and five used the entire year s record 

The entire year was selected in 14 markets as the length of the base 
forming period; a specified number of the lowest months of receipts> or 
the individual producer were used in 0 markets, and the lowest month 
of receipts for the market in 5. In 9 markets the length of the penod 
was not specified. In the remaining 48 markets, specific montis we 
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designated, the fall months predominating. November was specified in 

41 of the 48 markets; October in 39; and December in 27. 

5. The quantity of base milk allotted. In certain'markets, it is the 

policy to keep the aggregate of bases assigned to producers closely 

related to the fluid sales, whereas in others the assigned bases are greater 

than the total receipts. Welden and Hermann12 report that, in 64 

markets studied, the sum of all bases was equal to fluid sales in 26 markets, 

or less than 15 per cent above them. In 19 markets, bases were between 

15 and 30 per cent above fluid sales, whereas in 19 markets the bases 

were more than 30 per cent above the fluid sales. When the bases 

are above the fluid sales, an adjustment is made in the amount of milk 

that can be accepted as base milk. If, for example, bases exceed sales 

by 10 per cent, the 90 per cent of the base will receive the class I price. 

If all the milk is accepted as base, the class I price would be lowered. 

Combination Use-classification and Base Plan.—The desirable 

features of the use-classification plan are combined in many markets 

with the base plan for limiting seasonal variations in the milk supply. 

The plan is also known as the “equalization-value” price plan.13 The 

class pooling system was used in connection with a base-rating plan in 

66 of the 86 markets reported on by Welden and Hermann, whereas in 

20 the base milk was sold to dealers at one price and the surplus at 

another. In these 20 markets, there was a rough but uniform relation 

between the quantity of base milk a dealer bought and the quantity of 
his fluid sales. 

A\ hen the pooling and base plans are combined, the calculations for 

the problem shown in Table 110 would be altered. If the system was a 

market-wide plan, the equalization fund would still apply. The different 

producers, however, do not receive the same pool price. Those who 

produce more nearly their basic quantity receive a higher price than 

those who have a larger quantity of surplus milk. The calculations of 

payments to the four producers mentioned in the problem (Table 113) 

•r^:h:“mbmatl0n unification and base plan are presented 

The market value of the milk remains the same, $5,175.00 with a 

“reiu!!f ^ 100 P°Uf fOT the 230'l)0° Pounds oftta! 

each XrSlem)”’ *° a base ^ to 

The dealers X and 1' distribute the same amount of each class of mill- 

employed. ^The twendealers sold 1^“" ^“cation plan was 

pounds less than 

must be added to the surnlus whi.t i , , lhls am°unt 

calculate the value of the milk of each 
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Table 113.—Calculation of Dealer-pool Price, Market-pool Price, and 

Operation of Equalization Fund When Milk Is Purchased on the 

Combination Use-classification and Base Plans 

Producer 
Class 

of milk 
Lb. 

Rate per 

100 lb. 

Market 

value 

(dealer 

pool) 

Payment 

to pro¬ 

ducers 

(market 

pool) 

Difference 

between 

dealer and 

market 

pools 

Producers Selling to Dealer X 

A i 46,700 $2.50 $1,167.50 

II 27,100 2.00 542.00 

III 16,200 1.50 243.00 

| Total. 90,000 $1,952.00 

Weighted 

Weighted 

B 

average (dealer pool) 

average (market pool) *. 

I 
II 

III 

Total.. 

23,300 

23,000 

13,700 

2.14 

2.24 

2.50 

2.00 
1.50 

$2,011.25 

Weighted 

Weighted 

Dealer 

60,000 

average (dealer pool) 

average (market pool) *. . 

X receives from equalization fund 

$ 582.50 

460.00 

205.00 

1&R247.50 

2.08 

2.13 1,279.50 

-$58.75 

- 32.00 

$90.75 

50,000 

Weighted average (dealer pool).... 

Weighted average (market pool) *. . 

D \ I | 30,000 

Weighted average (dealer pool).... 

Weighted average (market pool) *. . 

Dealer Y pays to equalization fund 

Producers Selling to Dealer Y 

125.00 

100.00 

$l/225700 

750.00 

$1,151.75 

732.50 

+$73.25 

+ 17.50 

$90.75 

■ . F„r delation, o, ...ark.t-pool pne under the cognation action plan 

T“b'e U5' Table 114,-Base Assignments to Milk Producers 

and base, see 

Producers 
Base Surplus Total 

60,000 30,000 
on nnn 

90,000 

60 000 
30,000 OU,uuu 

i r\ nnn 50,000 
40,000 

30,000 

1U,UUU 
30,000 

~ 160+00 70,000 230,000 
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wide pool, it is necessary to make an adjustment for the use of the milk of 

each producer for his proportion of the excess base milk. These calcula¬ 

tions are shown in Table 115. When the combination plan is used, the 

producers do not receive a uniform blended market price. Producer D, 
who produced no surplus, received $2.44 per 100 pounds of milk, whereas 

B, who produced twice his quota, received $2.13., 

Table 115.—Calculations of Each Producer’s Share in the Market When a 

Market-wide Pool Is Operated under the Combination 

Use-classification and Base Plans 

Producer Class of milk Lb. Rate per 100 lb. Market value 

Producers Selling to Dealer X 

A I 54,500 $2.50 $1,362.00 

II 23,050 2.00 461.00 

III 12,550 1.50 188.25 

Total. 90,000 2,011.25 

Weighted average (market blenc led price). $2.24 

B I 27,175 $2.50 $ 681.00 
II 21,225 2-. 00 424.50 

III 11,600 1.5Q 174.00 

Total. 60,000 $1,279.50 
Weighted aver age (market blen ded price). $2.13 

Producers Selling to Dealer Y 

C I 36,250 $2 50 $ 901 00 
II 8,900 2 00 178 00 

III 4,850 1 50 72 75 
Total. 50,000 $1 .151 75 

W eighted average (market blenc ed price).... $2 32 
D I 27,175 $2 50 $ 681 00 

♦ II 1,825 2 00 36 50 
III 1,000 1 50 15 00 

Weighted aver 

Total. 

age (market blenc 
30,000 

led price). . . $2 44 
732 50 

_. Tahle U3, again, illustrates the operation of the equalization fund 

I he individual-dealer-pool value of milk received by dealer Y exceeded 

the market-pool value by *90.75; hence, this amount was paid into the 

und. The market value ol X’s supply was *90.75 less than the price due 

o producers on the basis of the market pool; hence, X received this sum 
from the equalization fund. 

The effect of different price plans on the blended price of the same 

hr Tableno ' ‘ PUrp°SeS by milk distributors is shown 
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Table 116.—Blended Prices under Different Plans per 100 Lb. of 3.5 Milk 

F.O.B. City Plants 

Dealer Producer 

Use-classification 
Combination base and 

use-classification plan 

Dealer 

pool 

Market 

pool 

Dealer 

pool 
Market 

pool 

X A $2.13 $2.25 $2.14 $2.24 

X B 2.13 2.25 2.08 2.13 

Y C 2.47 2.25 2.45 2.32 

Y D 2.47 2.25 2.50 2.44 

The effect of the equalization funds in the operation of market pools 

is also shown in this table. When the use-classification plan is employed, 

the producers all receive a uniform price, whereas with the combination 

use-classification and base plan the blended price is correlated with the 

ratio of base to surplus milk produced by an individual dairyman. 

Table 117.—Returns Received by Milk Producers When Different Price 

Plans Are Used 

Producers 

Use-classification plan 
Combination use-classifica¬ 

tion and base plan 

Dealer pool Market pool Dealer pool Market pool 

A . $1,920.00 $2,025.00 $1,952.00 $2,011.25 

B . 1,280.00 1,350.00 1,247.50 1,279.50 

(7* . 1,234.50 1,125.00 1,225.50 1,151.75 

D . 740.50 675.00 750.00 732.50 

Total. $5,175.00 $5,175.00 $5,175.00 $5,175.00 

Table 1 18,-Payments by Dealers eor Milk Supply When Different Price 

Plans Are Used 
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of the market pool with the combination use-classification and base plan 
is usually considered the most equitable method of paying for fluid milk. 

DETERMINATION OF PRICES 
♦ 

The prices paid for milk are naturally of interest. They depend upon 
many economic factors, not all of which can be easily measured. Differ¬ 
ent methods have been used to determine the price that dairymen receive 

for milk. 
Cost of Production as a Basis for Price.—The cost of production has 

been considered at different times in the various milk markets as a guide 
in determining prices. As Chap. XXI showed, the costs vary greatly 
among producers in any given milkshed. The question then arises: What 
costs shall be used—highest, lowest, or average cost? 

High, Low, and Average Cost.—If the price is set equal to the costs 
of the dairymen having the highest cost of production, many dairymen 
would make an unreasonable profit, and milk production would be 
stimulated beyond the market demands. The consumer also would bo 
required to pay lor maintaining inefficient producers. 

the c°®ts, cciualed those of producers having the lowest cost, the 
supply would be curtailed. Average costs would result in half of the 
producers receiving less than the cost of production. 

w» Bulk-h’te Cost-—A number of years ago a method was devised that 

price*" possible market ™th its requirements at the lowest 
price possible. This is known as the bulk-line-cost method of deter- 

mg costs. In theory the procedure is as follows: A study is made 
of the cost of producing milk in a given milkshed I,'„ i , 

ruc Jin= 
tion is plotted against the percentage of MoumuUteKl^wd^ 
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produced at the various costs. Bennett14 has prepared a hypothetical 

curve showing this relation (Fig. 153). 

As this graph shows, about 10 per cent of the product was produced at 

a cost below SI.30 per unit, and about 85 per cent at or below a cost of 

$1.80. If the market requires 85 per cent of the total production, then a 

price of $1.80 would furnish the supply; and the producer with a cost of 

$1.80 is the marginal producer whose cost determines the price. In 

practice the method has not been satisfactory because the costs deter¬ 

mined by an accountant are not always those that induce a dairyman to 

continue to ship milk. According to Tinley and Blank10 the bulk-line 

cost is no more satisfactory than the average-cost method of determining 

milk prices. 
Formula-cost Method.—The formula-cost method discussed in Chap. 

XXI has been used in certain markets for short periods.16 It is now, how¬ 

ever, considered useful only as a guide to production costs rather than as 

an accurate method for determining prices. 
Standard-cost Method.—In the larger California milk markets the 

minimum prices to be paid producers are determined by the standard-cost 

method. The costs of representative producers in the milkshed have 

been ascertained (Table 103, page 452); and, from the data, standard costs 

have been established (Table 104, page 453). The standard costs of 

producing manufacturing milk in adjacent areas have likewise been 

determined. Since feed costs fluctuate more than others, a schedule of 

price changes has been prepared, based on changes in the cost of the 

standard formula of feed required to produce 1 pound of milk fat. 1 he 

minimum prices paid to producers are thus related to the cost of producing 

manufacturing milk in adjacent areas and also to the price of icei. 

standard costs are considered to be sufficient to enable efficient producers 

to m— an ample supply of milk and still not high enough to enc 

age new producers to enter the market or established producers to expand 

above the normal increase that accompanies growth in population 

relation between the supply and demand fo>^fhudmu k Baltimore, 

requirements^A higher relative price for milk results in surpluses. 
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Negotiation of Prices.—The present tendency is to negotiate prices 

around a conference table rather than to set a price based on the cost of 

production or some set formula. 1 hough the cost-of-production studies 

serve as a guide, other factors are considered—for example, the pur¬ 

chasing power of consumers, the ratio of surplus to fluid milk produced 

in the milkshed, and the cost of producing manufacturing milk in the 

milkshed or in adjacent areas. 

The negotiations may be between a dealer’s representatives and 

producer organizations. A federal or state control official may serve as 

mediator: or he may, in some markets, set prices after a hearing. 

MILK-FAT DIFFERENTIALS 

In the Pacific Coast states, fluid-milk prices are usually quoted at a 

certain amount per pound fat contained in whole milk. Under this 

system, milk-fat differentials are not required. Other milk markets 

ordinarily quote a price per 100 pounds of milk of a specified fat content. 

With the latter system, it is necessary to establish milk-fat differentials 

to evaluate the price of milk of lower and higher fat percentages. The 

differential is figured on the basis of “points,” or 0.1 per cent fat. Com¬ 

mon differentials are 80.03, 80.04, or 80.05 cents per point. In effect the 

differential sets the price of the milk fat. If it is 4 cents per point, the 

pi ice is 40 cents per pound. Another way of considering the differential 

is to say that it sets a flat price for the solids-not-fat in whole milk and 

then makes adjustments for the value of the fat. If, for example, the 

f.o.b. city price of 4 per cent milk is 82.50 per 100 pounds with a differen¬ 

tial of 80.04 per point, the flat-rate is 80.90 per 100 pounds, and the milk 

fat price is 80.40 per pound. Milk of 3 per cent fat is then worth 80 40 

per H10 pounds less than 82.50, and 5 per cent milk is 80.40 more. 

The usual practice is to make the basic fat content equal the average 

o the milk received in the market. In certain markets prices are quoted 

on 3.5 per cent milk; in others, on 3.7, 3.8, or 4.0 per cent. The differen- 

ial is then chosen to evaluate the fat properly. Erdman17 suggests the 
following principles for determining the differential: 

thepriwTofbulw^ aIl0W<1 f0r Variiltions from the .basic test should follow 
r ®P f butterfatln sweet cream or at any rate should not be below the cur 
rent wholesale quotation for butter of the higher grades 

^ P0rt“ ^ksoreSDOnd 33 C'0Sely aS P0SSibk With ‘h« *«* of the 

If the differential is substantially below the value of f„* ; 

fat th“ « 
that a greater proportion of the flat rate for"to nlifcnZZZ'hbZ 
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testing milk is available for increasing the price per pound fat in whole 

milk. Conversely, if the differential is set too high, low-test milk is 

penalized. The influence of the differential on the price per pound fat in 

whole milk is illustrated in the following table, prepared by Erdman: 

Table 119.—The Influence of the Differential on the Price per Lb. Fat in 

Whole Milk When the Quoted Price Is Based on 4 Per Cent Fat 

3 cents 

differential 

5 cents 

differential 

7 cents 

differential 

Item 
Price 

Average 

value Price 

Average 

value Price 

Average 

value 

per 

cwt. 

per lb. 

fat in 

milk 

per 

cwt. 

per lb. 

fat in 

milk 

per 

cwt. 

per lb. 

fat in 

milk 

Calculated price, 3 percent 

milk . $2.50 $0.566 $2.30 $0.50 $2.10 $0,433 

Quoted price, 4 per cent 

milk . 2.80 0.50 2.80 0.50 2.80 0.50 

Calculated price, 5 percent 

milk . 3.10 0.46 3.30 0.50 3.50 0.54 

Flat rate per cwt. skim 
. 1.60 0.80 0.00 

Value assigned per lb. fat.. 0.30 0.50 0.70 

The last two lines of the table illustrate the influence of the quoted 

price and the differential upon the flat rate for skim milk and the value 

assigned per pound fat. 
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CHAPTER XXIII 

DAIRY INSPECTION AND MARKET-MILK CONTROL 

As was explained in Chap. I, the early supervision of milk was for the 

purpose of preventing adulteration. For many years, health depart¬ 
ments have emphasized the need for dairy and milk inspection. Cow’s 
milk is used in nearly every household; for a large percentage of infants, 

it is the principal substitute for mother’s milk. Because of its importance 
as a food and because it is easily injured in quality when not properly 
cared for, dairy- and milk-control ordinances have now been adopted in 

all major cities of the United States. 
Relation of Dairy Inspection to Quality of Milk. Before dairy inspec¬ 

tion was inaugurated, the quality of milk varied greatly. 1 he food \ alue 
was uncertain because of careless operation. Sometimes the variation 

was due to willful adulteration or partial skimming by unscrupulous 
operators Preservatives were found occasionally in milk and frequently 
in cream, which was shipped a greater distance. After inspection became 

established the inspectors encouraged better processing methods c 

mndo the use of preservatives unnecessary. 
' Bacteria plate counts were used as a measure ol 

processing, and distribution In 

ctz 
legally require P>°duc’ » * conditions under which the permit may be 
precincts and to speciD enforcing such require- 
granted. The authority vested *verai»gbody, 

ments is based on the passage o a , y. can enforCe a dairy- and 
Each city must adopt «u^an ordm^^l^^ ^ ordinance has been 

milk-control pi ogi am. ; , qPrvice It is suggested for adoption 
prepared by the.^S-gubject t0 the 

i;°ic — - 5-uf is * 
follows. 490 
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U.S. PUBLIC HEALTH SERVICE STANDARD MILK ORDINANCE 

AND CODE 

An ordinance to regulate the production, transportation, processing, handling, 

sampling, examination, grading, labeling, regrading and sale of milk and milk 

products; the inspection of dairy herds, dairies, and milk plants; the issuing and 

revocation of permits to milk producers and distributors; the placarding of 

restaurants and other establishments serving milk or milk products; and the fixing 

of penalties. 
The city of.ordains: 
Section 1. The production, transportation, processing, handling, sampling, 

examination, grading, labeling, regrading, and sale of all milk and milk products 

sold for ultimate consumption within the city of.. or its police 

jurisdiction, the inspection of dairy herds, dairies, and milk plants, the issuing 

and revocation of permits to milk producers and distributors, the placarding of 

restaurants ami other establishments serving milk or milk products, and the fixing 

of penalties shall be regulated in accordance with the terms of the unabridged 

form of the 1939 edition of the United States Public Health Service milk ordi¬ 

nance, a certified copy of which shall be on file in the office of the city clerk: 

Provided, That the blank spaces following the words “city of” in said unabridged 

form shall be understood to refer to the city of.: Provided 

further, That in section 7, item lr, of said unabridged form the abortion-testing 

requirement shall be effective within . years after the 

adoption of this ordinance: Provided further, That sections 8, 16, and 17 of said 

unabridged form shall be replaced, respectively, by sections 2, 3, and 4 below. 

Section 2. From and after 12 months from the date on which this ordinance 

takes effect no milk or milk products shall be sold to the final consumer, or to 

restaurants, soda fountains, grocery stores, or similar establishments except* 

.: Provided, That when any milk distributor fails to 

qualify for one of the above grades the health officer is authorized to revoke his 

permit, f or in lieu thereof to degrade his product and permit its sale during a 

temporary period not exceeding 30 days or in emergencies such longer period as 
he may deem necessary. 

* The names of the grades to which sale is to be restricted will depend on local 
conditions and should be inserted when the ordinance is adopted. The community 
may prohibit the sale of all raw milk if it has reached the state of public health educa. 

ti°n wh‘ch will permit a majority vote in favor of such action. See public-health 
reason for pasteurization under item 16p, of the code, also the following publications 
copies of which may be secured from the U.S. Public Health Service, Washington! 
D.C (1) What Every Person Should Know About Milk; (2) Do Children Who 
Drink Raw Milk Thrive Better Than Children Who Drink Pasteurized or Other 
Heated Milk?; (3) The Responsibility of Health Authorities and Physicians With 

NoteComepulSoty aSteUnZati°n °f Milk 111 Communities in Which Pasteurization is 

f Communities which wish to restrict the health officer to the permit revocation 

Lhist not P ng rrT T3* delCte thG remainder of this sentence. However 
not recommended, as both punishment devices are better than only one 
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Section 3. Any person, firm, or corporation violating any provision of this 
ordinance shall upon conviction be punished by. 

Section 4. All ordinances and parts of ordinances in conflict with this ordi¬ 
nance are hereby repealed; and this ordinance shall take effect. 
its adoption and publication. 

The Milk Ordinance and Code of the U.S. Public Health Service1 may 

serve as a standard for adoption by states, counties, and municipalities 

to encourage a uniform effective milk-sanitation program. The provi¬ 

sions of this ordinance have been used in this text as the basis of sanitary 

requirements. Modifications may be made in different city ordinances, 

however, to suit local conditions. 

Scope of Dairy Inspection.'—Dairy inspection includes (1) dairy-farm 

premises, (2) transportation of milk, (3) pasteurizing or processing plants, 

(4) methods of distribution, and (5) the collection of samples for labora¬ 

tory examination. 
In the larger cities, one group of inspectors usually supervise the 

• production of milk on the farms, the transportation from the farms, and 

the country shipping point; a different group inspect pasteurizing plants 

and the distribution within the city. Milk-quality control also includes 

the collection of samples of milk and cream being sold and their chemical 

and bacterial examination in the laboratory. 
Earlier chapters have discussed sanitary milk production, the con¬ 

struction and arrangement of dairy buildings, the washing and steriliza¬ 

tion of utensils, and the relation of milk to health. The principles 

outlined are basic to proper dairy inspection and should be kept in mine 

during routine inspection. 

DAIRY-FARM INSPECTION 

symparneuc - 
him to meet the health requirements, 

arbitrary rulings of officials in adjoining 

detrimental to the best results. 
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Score cards for the sanitary inspection of dairy farms have been 

prepared, listing the various items that are considered important. A 

numerical score gives the rating allowed for perfect compliance. In using 

the score card the inspector notes each item and evaluates the dairy 

on the basis of percentage as compared with a perfect score. The score 

card recommended by the Bureau of Dairy Industry, U.S. Department 

of Agriculture, is given below. 

The methods followed in producing milk influence the quality some¬ 

what more than do the construction and condition of the buildings and 

equipment. This fact is indicated on the score card by allowing a perfect 

score of 60 per cent for methods and only 40 per cent for equipment. 

As a guide for inspectors in using the dairy-farm score card the rules 

as shown on p. 495 have been prepared by the Bureau of Dairy Industry. 

Inspection Procedure.—Each dairy farm and milk plant supplying 

milk to the city should be inspected at least once during each grading 

period. In case any item of sanitation is violated, a second inspection 

should be made as soon as sufficient time has been allowed for remedying 

the defect, but not sooner than 3 days. Any violation of the same item 

of the ordinance on two consecutive inspections calls for immediate 

degrading. Where such faulty conditions are supported by repeated 

laboratory tests, the dairyman may be summoned to show cause why his 

products should not be temporarily excluded or his permit revoked. 

Provision is made for posting a copy of each inspection report in a con¬ 

spicuous place upon an inside wall of one of the dairy-farm buildings and 

such report shall not be removed or defaced by any person except a 

representative of the inspection department. Another copy of the inspec- 

tlo-?POrt Sha11 be filed With the records of the health department 
When inspections are made of premises not previously visited, the 

inspector should try to find the owner or operator of the dairy and explain 

the purpose of the visit. He should ask the owner to accompany him 

United States Department of Agriculture 

Bureau of Dairy Industry MUST BE POSTED 

IN MILK HOUSE 

(Score Card for Sanitary Inspection of Dairy Farms) 

Owner or lesseetf fa™ * A™ ^ Action) 
P. O. Address. 
I otal number of cows 

Gallons of milk produced daily .... 

Product is sold by producer to families, hotels,' restaurants,' stores! or to 

. State. 

. Number milking 

For milk supply of. .dealer. (Check which.) 
Permit No. /•... 

.Date of inspection . 
19 



494 THE MARKET-MILK INDUSTRY 

Equipment 

COWS 
Health: 

Apparently in good health and with normal 
udders. . 

If tested with tuberculin within a year and no 
tuberculosis is found, or if tested within 
6 months and all reacting animals removed 

If tested within a year and no Bang's disease 
found, or if tested within 60 days and all 
reacting animals removed. 

Food (clean and wholesome). 
Water (clean and fresh). 

Score 

Per¬ 
fect 

Al¬ 
lowed 

STABLES 

Location of stable: 
Well drained........ 
Free from contaminating surroundings. 

Construction of stable: 
Tight, sound floor, and proper gutter. 
Smooth, tight walls and ceiling. 
Proper stall, tie, and manger. 

Provision for light: Four sq. ft. of glass per cow 
(Three sq. ft., 3; 2 sq. ft., 2; 1 sq. ft., 1. De¬ 

duct from uneven distribution.) 
Ventilation: . „ ,, „ 
Provision for fresh air, controllable flue system 

(Windows hinged at bottom, 1.5; sliding win¬ 
dows, 1; other openings, 0.5.). 

Cubic feet of space per cow, 500 ft-.. ■ • • ■ • 
(Deduct 0.1 point for each 10 ft. under 500.) 

UTENSILS 

Construction and condition of utensils. 
Small-top milking pail. 
Clean milking suits. 

MILK ROOM OR MILK HOUSE 

Location: Free from contaminating surround¬ 

ings .-. 
Construction of milk room: 

Floors, walls, and ceilings. 
Light, ventilation, screens.; • • ■ 

Separate rooms for washing utensils and han¬ 

dling milk.. 
Water for cleaning (clean, convenient, abun. 

Facilities’for cooling, including dairy thermome 

ter. 
Facilities for steam. 

(Hot water, 0.5) 

Total. 
40 

Methods 

COWS 
Clean, free from manure, bedding, loose hairs, 

etc 

Score 

Per¬ 
fect 

Udders and flanks properly clipped. 
Udders washed and wiped. 

(Udders cleaned with moist cloth, 3; cleaned 
with dry cloth or brush at least 15 minutes 
before milking, 1.) 

STABLES 
Cleanliness of stables: 
Floor. 
Walls. 
Ceilings and ledges. 
Mangers and partitions. 
Windows. 

Stable air at milking time: 
Freedom from dust. 
Freedom from odors. 

Cleanliness of bedding. 
Barnyard: 
Clean. 
Well drained.. 

Removal of manure daily to properly con¬ 
structed pit or spread on field. 

MILK ROOM OR MILK HOUSE 
Cleanliness of milk room. 

UTENSILS 
Care and cleanliness of utensils: 

Thoroughly washed and rinsed in water at 
not less than 115°F.. 

Exposed to live steam for 15 minutes 
(Placed over steam jet, scalded with boil¬ 

ing water, or treated with chlorine, 2.) 
Protected from contamination. 

MILKING AND HANDLING MILK 
Cleanliness of milking: 

Clean, dry hands. 
Cleanliness of attendants., 
Milk removed immediately from stable with¬ 
out pouring from pail. 

Cooled immediately after milking. 
Cooled below 50°F. 

(51 to 55°, 4; 56° to 60°, 2.) 
Stored below 50°F. 

(51 to 55°, 2; 56° to 60°, 1.) 
Transportation below 50°F. 

(51 to 55°, 1.5; 56° to 60°, 1.) 
(If delivered to a milk plant within 1 hour 

after milking, twice a day, allow perfect 
score for storage and transportation.) 

Total. 

Al¬ 
lowed 

60 

+ Methods. 

Jfcj’ j-~g -I— 

in animals or attendants, the final score shall be 0. .. • • • 

Remarks:... .......... 
......inspector. 

..- 
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Rules for Using Score Card for Sanitary Inspection of Dairy Farms 

Equipment 

Cows.—Poor in flesh, 1.5. Diseased conditions present (abscesses, dysentery, 
lumpy jaw, enlarged glands, etc.), 1.0 to 0. Udders showing garget, 0; atrophied or 

blind quarter, 1.5 to 0. 
If one or two cows of the herd show garget in one or more quarters and these cows 

‘are isolated, milked last, and the milk discarded, a fractional score should be given, 

depending upon the amount of garget present. 
Not officially tested for tuberculosis; reactors not removed; score 0. 
Not officially tested for Bang’s disease; reactors not removed; score 0. 
Food not protected from flies, chickens, etc., during storage, 0.5 to 0.75. Musty, 

spoiled, mouldy, etc., 0.25 or less. 
Water containing algae or sediment, score 0.5 to 0.75. Dirty or from unclean 

source, 0.5 or less. 
Stables.—Stable damp or water standing therein, score from 0.0 to 0.75. 
To be free from contamination: Manure must be removed or stored as approved by 

the inspector, and stagnant pools, etc., must be over 50 feet from stable. The stable 
must also be separated from and free from animals other than cows, and the farm 
must be provided with sewage disposal or approved sanitary privy. 

Construction of stables; self-explanatory. 

Utensils.—Utensils dented or containing rusty spots, score 0.5 to 0.75. Open 
seams or poor condition, score 0.5 or less. 

Open pails, score 0. 

Separate suits not used for milking, score 0. Aprons, etc., 0.25 (if dirty, deduct 
accordingly). 

Milk Room and Milk House.—Free from contaminating surroundings; same as for 
stables. 

Construction; self-explanatory. 

\\ ater in milk house shows indications of contamination or is dirty, score 0. Run¬ 
ning water not available in milk house, score 0.75 or less, according to its availability 

No facilities for cooling, score 0. Facilities for cooling do not permit cooling the 
milk below 50 F., deduct accordingly; e.g., if cooled only to 60°F., score 0-1 0 Dairy 
thermometer not used, deduct 0.5 from the score. 

Unless facilities lor generating steam are present, no credit is given for steam. 
I mess water is heated in milk house, no credit is given for hot water. 

Not free from bedding, 

Methods 

Cows—Cows not free from manure, score 2.5 or less 
loose hairs, dust, and scurf, score 4.0 or less. 

Udders and flanks not properly clipped, score 0. 
Udders washed and wiped; self-explanatory 

Cobwebs on ceilmg, dust on ledges, score 0.5 or less 

slLXdu^at HT 075 or less- 

1^^^^ time' SMre l'6 « 
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Barnyard clean, well drained; self-explanatory. 

Manure not removed from stable daily, or if piled within 50 feet of stable; score 0. 
Milk Room or Milk House.—Used for purposes other than the handling of milk 

and the care and storage of milk utensils, the score shall be 1.5 or less. Flies present in 
milk house, 2.5 or less. Floors, walls, ceilings, or windows dirty; deduct from score 
according to condition existing. 

If walls and ceilings are constructed of wood, deduct 0.25 or more if not painted. 
Utensils.—Washed in water below 115°F., deduct 1 point for each 10° below 115°F. 

Alkali washing powder not used, deduct 1 point from score. 
Utensils not rinsed after washing, score 2.5. Utensils washed after one milking 

and rinsed after the next milking, score 0. Brushes not used for scrubbing utensils, 

score 3.0. 
Utensils exposed to live steam for only 10 minutes, score 3.0; 5 minutes, 2.5. Uten¬ 

sils treated with a chlorine solution containing 200 parts per million available chlorine, 
score 2. If the solution contains less than 200 parts per million, deduct in proportion 
to the amount of chlorine found. If below 50 parts per million, the score should be 0. 

Utensils exposed to flies and dust, score 1.0 or less. 
Milking and Handling Milk.—Full credit is given where milking machines are 

used, provided they are properly treated to kill bacteria. Hands kept dry but not 

frequently washed, score 1.0; milking with wet hands, score 0. 

Outer clothing dirty or dusty, score 0. 
Where extra pail with cover is provided each milker, score 1.0. Where more than 

one pail is used and not covered, or where milk is poured in the stable, score 0. 
Where time of milking does not exceed 1 hour, full credit for cooling immediately 

after milking shall be given when cooling is done immediately after the completion of 

m' Cooling, storage, and transportation; deduct from score according to score card. 

visits enter unannounced, observe the details of operating and the build¬ 

ings and animals as he finds them. Upon finding any unsatis actory 

condition, he should make a verbal report to the dairyman before leaving 

the premises. If this is not possible, he should mail a written notification 

to the owner or manager and file a copy at the health office as evidence in 

case legal action should later be necessary. 
Dairy-farm Inspection Form.—The score card on which a numencal 

rating is given for each item is to be preferred for inspections of new 

premies. It emphasizes to the dairyman the relat.ve^values of different 

operations and serves as an incentive for improvement. Aftei the dairy 

Z become well equipped and is well above the minimum/X 

for market-milk production, the numerical scoring is of less alue. 

Inspection forms are preferred to the numerical scores by certain 

following each item that is not satisfactory. Any conditions 

factory must be corrected. Public Health Service 
The inspection form recommended by the U.b. ruonc 

is given below. 
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MILK PLANT-PRODUCER 
INSPECTION FORM 

Form 8976-D 
U.S. TREASURY DEPARTMENT 

Public Health Service 

March 1939 

GALLONS SOLD DAILY TO 
. Plant 

Whole milk. 
Skim milk. 
Cream . 

Total . 

(City, county, or district) 
Name . Location. 

Sir: An inspection of your dairy has this day been made and you are notified of 
the defects marked below with a cross (X). Violation of the same item on two suc¬ 
cessive inspections calls for immediate degrading. 

COWS 
Item No.1 

(1) Tuberculosis and other diseases.—Tuberculin test annually except in modi¬ 
fied accredited counties ( ), certificates on file ( ), other tests as 
required ( ), no cows with extensive induration of udder ( ), no 
cows giving abnormal milk ( ). ( ) 

(2) Lighting, milking barn.—Adequate light openings ( ), adequate artifi¬ 
cial light for night milking ( ). ( ) 

(3) Air space and ventilation.—Well ventilated ( ), no overcrowding 

( ). ( ) 
(4a) Floor construction, milking barn.—Floors and gutters, concrete, tight 

wood, or other impervious and easily cleaned material in good repair 
( ), graded ( ). , . 

(4b) Floor cleanliness, milking barn.—No accumulations beyond one milking 
( ), no horses, pigs, fowl, calves, etc. ( ) t \ 

(5) 11’alls and ceilings.-Painted biennially or whitewashed annually or other 
satisfactory finish ( ), clean and in good repair ( ), ceiling tight 

if fecdstuffs over ( ), feed-room partition dust-tight with door 

(ба) Cowyard, grading and draining.—Graded ’(”")' drained V ’ Y ™ ( 
pooled wastes ( ). A Ilu 

(бб) Cowyard, cleanliness.—Clean ( ), no swine ( . S 

(7) Manure disposal.—Stored inaccessible to cows and. during 'fly season- 
(a) Spread upon fields, or (6) piled not more than 4 days and then 

" <Ci n0t '"0re than 7 ^ ^Pervious id, oron bed 

t m e she"d ^Th ’ 7 W ^ , and tSpp d shed, or (e) fly breed,ng mmumsed by other approved methods 

. ( ) 
milk house 

B^o^mooth concrete or otherimpervious material ( ), graded to 

S' A “ ^ 
"™°'*d'B ~ 
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(86) Walls and, ceilings.—Smooth dressed lumber, sheet metal, or plaster¬ 
board, well painted with washable paint; hollow tile, cement blocks, 
bricks, concrete, or cement plaster, surfaces and joints smooth ( ).. ( ) 

(8c) Lighting and ventilation.—Effective window area at least 10 per cent of 
floor area ( ), adequate artificial lighting (see Code) ( ), ade¬ 
quate ventilation ( ), doors and windows closed during dusty- 

weather ( ). ( ) 
(8d) Screening.—All openings effectively screened and doors open outward 

and self-closing, unless flies otherwise kept out. ( ) 
(8e) Miscellaneous requirements.—Used for milk purposes only, except by per¬ 

mission ( ), milk house operations not conducted elsewhere ( ), 
no opening into living quarters or stable ( ), wastes properly dis¬ 
posed of ( ), 2-compartment stationary wash and rinse vats ( ), 

adequate water-heating facilities ( ).. • ( 
(9) Cleanliness and flies.—Floors, walls, windows, shelves, tables, and equip¬ 

ment clean ( ), no trash or unnecessary articles ( ), all neces¬ 

sary fly-control methods ( ). ( 

TOILET 

I tCITl No. ^ 
(10) Toilet.—Conveniently located ( ), constructed and operated accord¬ 

ing to Code ( ), no evidence of defecation or urination about prem- 

ises ( .. ( 

WATER SUPPLY 

('ll) Water supply.—Easilv accessible ( ), adequate ( ), no surface or 

(U) water unless approved < ), sate, sanitary quahty (see Code) 

( .. 

UTENSILS 

(12) Construction.—Smooth heavy-gauge material ( ), corrosion-proof sur 
1 face, no agateware ( ), easily cleanable shape ), lomt^ldered 

flush ( ), good repair ( ), no woven-w.re cloth ( P ( , 

03) «"Xfter each usage V" >,' ™st look and foe, clean ( } 

(«> bLJ* t—jUsteam cabinet 

water at outlet for 5 minutes, or hot-air cab met 180 u.i ( ) 

( ), cabinets have in pro. 

(15> STeXd"p“e in S house ( ), cotton disks in original package untd ( } 

(16) Handling.—After bactericidal treatment iio handling of surfaces to which ^ } 

milk is exposed.. 

i for Grade A raw milk (for pasteurization) in 1939 edi- 
i Item numbers correspond to item numbers or Grad to which please refer. 

- Sssss: zs 2- -—- -—— 
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MILKING 

(17) Udders and teats.—Clean and rinsed with standard chlorine solution at 
time of milking ( ), abnormal milk excluded ( ). ( ) 

(18) Flanks.—Flanks, bellies, and tails free from visible dirt at time of milking 
( ), brushing completed before milking begun ( ). ( ) 

(19) Milkers’ hands.—Clean ( ), rinsed in standard chlorine solution just 
before milking each cow ( ), dry while milking ( ), hand-wash¬ 
ing facilities including soap, water, and individual clean towels con¬ 
venient to milking barn ( ). ( ) 

(20) Clothing.—Clean outer garments. ( ) 

(21) Milk stools.—Clean, not padded ( ), stored above floor ( ). ( ) 

(22) Removal of milk.—Immediate removal of milk to milk house or straining 

room ( ), no straining or pouring in barn ( ). ( ) 

(23) Cooling.—Milk either delivered to plant or cooled to 70°F., within 2 

hours after milking completed. ( ) 

MISCELLANEOUS 

(26) T chicles. Clean ( ), covered ( ), no contaminating substances 

transported ( ). Premises— Surroundings kept neat and clean 

< )... ( ) 
. Inspector. 

Inspection of Cows. rI he cows are more easily inspected in the milk¬ 

ing stable than in the yards or fields. The inspector may walk along the 

litter alley behind the animals and observe the condition of the ndders 

A lopsided udder indicates present or past udder derangement. One may 

examine such conditions by drawing a stream of milk from the affected 

quarter and looking for stringy, clotted, or discolored milk. By manual 

manipulation, one may discover any hardened areas resulting from 

ca ed udder ” or any induration caused by previous mastitis. An 

atrophied condition of one quarter usually results from a previous 

m lamination from which the animal has recovered. The milk from such 

quarters is generally less in quantity than that from the corresponding 

quarter It may taste salty and in some cases may have a higher 

iactonal content. Any abnormal condition of the udder is sufficient 

or permanently removing an animal f/om 

Animals should also be observed for pmonini! 

wounds, retained afterbirth, £££*** 

Production of wholesome milk Bv walk-inn- +i , , 1(/ 

- -».v '»* h .wii t *• 

ssrrsits *h,“ *'“*■ - ... 
"Stisfy l.'K|. |,,L, .' ! v|'i Stal,'° 1.. 

.. - ..ttoto,' ajirs; x 
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tionable odors, or the presence in the barn of calves, horses, and poultry. 

The floor should be free of filth or litter except such as has accumulated 

since the last milking. The floors should be clean at the beginning of 

each milking period. Bedding containing more manure than that which 

has accumulated since the last milking should be considered unclean. No 

feed should be stored in the milking stable except in covered dust-tight 

bins or boxes. Adequate artificial lighting should be provided for night 

milking. This requirement has been met if the milking portion of the 

barn is so lighted that the cleaning and milking operations can be effi¬ 

ciently performed. 

The walls and ceilings of milking stables should be whitewashed once 

each year, painted once every 2 years, or finished with cement or other 

surfacing that makes such treatment unnecessary. They should be kept 

clean and in good repair. If the feed room adjoins the milking space, it 

should be separated by a dust-tight partition and door and no feed should 

be stored in the milking portion of the stable. 

Cowyards.—The cowyards should be graded and drained as well as 

local conditions will permit. Low places should be filled, and approaches 

to the stable doors and to water troughs should be surfaced with rock or 

concrete. The drainage of wastes and wash water fiom the milking 

stable should not be deposited in the cowyards; instead, it should be 

carried beyond the limit of the yard in open drains 01 in closed drains if 

these are of adequate diameter and slope to prevent clogging. Cowyards 

muddied by recent rains are not considered defective. 

Manure and stable sweepings must not accumulate m the cowyard. 

Such materials promote the breeding of flies and will soil the cows’ 

udders. No swine should be permitted in the yard. 
“Resting barns” or separate feeding barns, when used, should be 

considered part of the cowyard. The cleanliness requirement is fulfilled 

if the manure droppings are removed or if clean bedding is added often 

enough to prevent the soiling of cows’ udders and flanks and the breeding 

Ut Manure Disposal.—During the fly-breeding season the manure should 

be spread upon the fields or the breeding of flies minimized according to 

the fly-control measures described in Chap. V. The Public Health 

Ordinance specifies that during seasons unfavorable to fly development 

the manure may be stored for not more than 4 days in a pile on the ground 

surface and then spread upon the field, or not more t an days ma 

impervious flooded bin or upon an impervious curbed platform and then 

spread or stored in a tight, screened, and trapped manure shed. Any 

manure stored in a pile should be located away from the cows 
' Milkhouse —The milkhouse must not be directly connected with u 

mi.“b.eor with any room used for sleeping or domestic purposes 
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and should serve no purpose other than the cooling, handling, and storage 

of milk, utensils, and equipment. Each milkhouse should be provided 

with adequate facilities for the heating of water to clean the utensils. It 

should be equipped with stationary wash and rinse vats having at least 

two compartments, one for washing and the other for rinsing. Both 

compartments should be large enough to hold the largest milk can used. 

The construction and arrangement of the milkhouse have been described 

in Chap. VII. 
Cleanliness and freedom from flies in the milk room reduce the likeli¬ 

hood of contamination. The floors, walls, windows, shelves, tables, and 

equipment should be clean, and the room free from articles not actually 

used. The floors should be washed and swept immediately after the 

operations incidental to each milking. Tables should be scrubbed daily. 

The washing vat and its surroundings should receive careful inspec¬ 

tion. Grease is often permitted to accumulate in corners and crevices, 

especially between the vat and the wall. Where bottles are washed at 

the dairy, the bottle brush and shaft are sometimes badly in need of 

cleaning. 

Some flies usually enter the milkhouse despite good screening. If 

the window screens are hinged to open out they may be opened, and many 

of the flies that collect on the screens will then escape. The control and 

destruction of flies are discussed in Chap. V. 

Toilets.—Every dairy farm should be provided with one or more 

sanitary toilets conveniently located and properly constructed and 

maintained so that flies do not have access to the vault, the soil is not 

polluted from overflow, and the water supply cannot become con¬ 

taminated. Flush, chemical, or pit toilets may be used. Because of the 

dangei of indiiect contamination of milk on farms by certain infectious 

disease organisms sometimes present in human wastes, the inspector 

should observe on each visit the conditions of sewage disposal. 

Utensils. All containers and utensils used in the handling, storage, 

and transportation of milk should be in good repair and well tinned or 

constructed of metals not corroded by milk. They should be free from 

cracks, corners, and open joints where milk could accumulate and escape 
complete removal during cleaning. 

Milk pails of the small-mouth design should be used. The partly 

covered pail decreases the opportunity for hair, dust, chaff, and other 

undesirable foreign substances to drop in during milking. If milking: 

and StriPPing iS done by hand- Part>y covered pails 

Cotton filter pads that are discarded each time are preferable for the 

straining; of milk. Woven-wire strainers are not permitted by W 
inspection departments. ^ am 
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Agateware or lightweight milking pails are not acceptable. The 

enamel of agateware is subject to chipping; and pails made of lightweight 

metal rarely have the seams filled with solder, so that they easily become 

rusted. 

The water used for washing utensils and cooling milk should be piped 

into the milkhouse. As described in Chap. V, it should come from a 

protected source. 

The Public Health Service has described five methods of bactericidal 

treatment of utensils that may be acceptable according to its ordinance 

and code. 

1. Exposure for at least 15 minutes to a minimum of 170°F. or for 

at least 5 minutes to a minimum of 200°F. in a steam cabinet equipped 

with an indicating thermometer. 

2. Exposure to a jet of steam for at least 1 minute. 

3. Immersion in or exposure to a flow of a chlorine solution of a 

or 
strength of 100 parts per million for at least 2 minutes. 

4. Immersion in hot water at 170°F. or more for at least 2 minutes 

exposure to a flow of hot water at 170°F. or more for at least 5 minutes. 

5. Exposure to hot air at a temperature of at least 180°F. for a 

minimum of 20 minutes in a properly designed oven or hot-air cabinet 

equipped with an indicating thermometer located in the coldest zone. 

The inspector should satisfy himself that the process will produce 

bottles and cans having a residual bacterial-plate count of not more than 

one colony per cubic centimeter of capacity. Certain inspection depart¬ 

ments enforce standards more stringent than those listed. Dairymen 

should avoid bringing their hands in contact with surfaces of sterilized 

utensils that are to contain milk. 
All containers and other utensils used in handling, storing, or trans¬ 

porting milk should be stored so as not to become contaminated before 

use Inverting them over a metal storage rack m the milkhouse will 

usually be satisfactory. Where milk is bottled at the farm the clean 

bottles should be stored in crates elevated above the floor. Cotton a 

gauze used for straining should be kept in the original package unt l 

used and protected from contamination by storage m a suitable box 

Ca' MUking.-Thc flanks, bellies, and tails of all milking cows should be 

free from visible dirt. atJhe Orfii^*pedto 

also provides that the-milkers 1• mmeiiately before milking and 

«ing operation. Wet-hand milking . 

prohibited. 
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Milkers and milk handlers should wear clean outer garments while 

milking or while handling milk, utensils, and equipment. Milk should 

not be poured or strained in the stable but should be removed immediately 

to the milkhouse for cooling. 

TRANSPORTATION OF MILK 

Inspection departments have the authority to regulate the protection 

of milk during transportation from the farm to the country receiving 

station and to the city plant, whether by train or by truck. 

Delivery to Receiving Stations.—Milk delivered from the farms to 

country receiving stations should be protected from sun and dust in 

summer anti from freezing temperatures in winter. Certain health 

departments require that the cans be placed in a closed box if they are 

delivered by the producers in a pickup truck or trailer and in a truck with 

an enclosed body if they are delivered by contract haulers. In some 

sections, covered insulated vehicles are being used, or tightly enclosed 

bodies with insulated tops. 

Open-type trucks are common but give little protection unless the 

sides and ends are made tight and reach at least G inches above the tops 

of the cans. Canvas or tarpaulin covers should be used over the tops of 

the cans and fastened down with metal fasteners. 

Truck bodies should be washed at intervals and kept clean; for hot 

cans from the sterilizer, if loaded on trucks and returned to the farms 

immediately, will draw in several quarts of air as the air in them contracts 

during cooling. This occurrence has been found to be a source of sedi¬ 

ment in cans and in the milk that is later drawn into them. 

Careless truck drivers may leave returned empty cans lying along the 

roadside with the covers off. Dust from the roadway or coal dust from 

trains may collect in them anti on the covers and may be a cause for 

reinfecting ol milk that is again placed in them. The inspector must 

observe any improper methods of transporting milk and correct any 
detrimental practices. 

Delivery to Railroad Stations.—Where milk is shipped direct to the 

city by train, hauling from the farm should be carried out as describe! 

becoming warm in the outside air. 

ering milk in 

>cctor. Milk 
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shipped in cans in enclosed trucks is well protected. Milk transported 

in bulk in insulated tank trucks undergoes little change in temperature. 

The principal problem here is the proper cleaning and sterilizing of the 

tank in the city before it leaves the plant. The technique for these 

procedures has been described elsewhere. 

When milk is transported in tank cars and the plant is not located on 

a spur track, the milk must be transferred to tank trucks at the city 

terminal. At times, there will be considerable spillage on the railroad 

tracks from leaky pipes, or the milk may by mistake overflow the man¬ 

hole opening of the tank truck, the railroad company should be lequired 

to provide between the rails a cemented area that is sloped to a drain and 

sewer connection to carry away spilled milk. A similar drain should be 

provided for a cemented area beneath the truck. After the milk is 

pumped from the tank car, the tank should be rinsed with cold water 

before being returned to the country shipping point. This rinse water 

can also be passed into the drain beneath the car. The railroad company 

must arrange for a city water connection for rinsing the tanks and an 

electric-power connection for operating the pumps; and it must spot the 

cars each day at the point where these facilities are located. 

CITY INSPECTIONS 

City milk plants are usually inspected more frequently than dairy 

farms ' Since health officials consider that the protection o public health 

depends upon the proper pasteurization of the general milk supply, the 

nroeess should be closelv supervised. . , . 

supervision of plants.^'^ usually prohibit 

according ' th one gracle of milk in a plant unless an lnspec- 

% ThrXt paid by ^processor, is constantly on duty during 

Pr°= of Milk.—Several . 
requirements, have been provided to m theappUcable to the 

These different grades are given to make “ ^ ^ [1|fferent states. 

varied conditions of deveeH^thOrdinance as a guide in preparing its 

^:JbTi« limit its milk supply to one single high grade 

^^of^ktSt the Public Health Ordinance are as 

follows: 
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Certified raw 
Grade A raw 
Grade B raw 
Grade C raw 

Certified pasteurized 
Grade A pasteurized 
Grade B pasteurized 
Grade C pasteurized 

These grades are defined in Part II of the Public Health Ordinance, 
which appears in the Appendix. One important provision is that milk 
may be placed in a lower grade by the Public Health Department if at 
any time it fails to meet the requirements of the grade under which it is 
being sold. Such degrading and the unfavorable publicity that follows 
encourage the producer or distributor to maintain a higher standard. 

The present tendency of health departments is to limit the number of 
grades that may be sold. Chicago has adopted the Public Health 
Ordinance but provides for only two grades: Grade A pasteurized milk and 
milk products, and certified milk and milk products. Several cities in 
Ohio provide for the distribution of Grade A raw, Grade A pasteurized, 
and pasteurized milk with no grade designation. Bacteria and sanitary 
standards are specified for each of these grades. 

The Public Health Ordinance specifies that Grade A raw milk shall 
have a bacterial plate count not exceeding 50,000 and Grade A pasteurized 
a count not exceeding 200,000 bacteria before pasteurization and not 
exceeding 30,000 after pasteurization. Certain cities have even higher 
standards for bacteria content of Grade A pasteurized milk. The 
California Code specifies, for example, that raw milk for pasteurization 
shall have a bacteria plate count not exceeding 150,000 before and 15,000 
after pasteurization. 

SANITARY REQUIREMENTS FOR CITY PLANTS 

The various parts of the city plant should be so located and its different 
operations so conducted as to prevent any contamination of the milk or 
of the cleaned equipment. The elimination of flies from the processing 
rooms and from the rooms where sterilized utensils are stored is of first 
impoitance. Cans ol raw milk should not be unloaded directly into the 
pasteurizing room, and pasteurized milk or milk products should not come 
in contact with the equipment used for unpasteurized milk, unless such 
equipment has first been properly cleaned and sterilized. 
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should not open directly into any room where milk, milk products, 

utensils, or containers are handled or stored. The doors of all toilets 

should be self-closing. 

Where a toilet communicates directly with a room in which milk 

products are processed or handled, a suitable and properly lighted 

vestibule should be provided. The door of the vestibule should also be 

self-closing. Unless the toilet is provided with mechanical means of 

ventilation, it should have a window opening to the outside air. Toilet 

rooms should be kept clean and in good repair. 

Hand-washing Facilities.—Facilities for washing the hands should be 

provided both in the toilet rooms and in the plant. These should include 

warm running water, soap, and suitable sanitary towels. Personal 

cleanliness of employees is essential. 

Water Supply.—Where the water used throughout a plant is from the 

regular city supply, it is usually checked regularly by the health depart¬ 

ment. In that case it will be considered sanitary. 

Where the water is pumped from wells on the premises or is secured 

from other private sources, a sample should be taken for chemical and 

bacteriological examination. Private water supplies should be inspected 

and laboratory examinations made for all new plants before permits to 

deliver milk are issued. 
No plumbing fixture should be. installed that would provide a cross 

connection between the city water-distributing system and a private 

supply of questionable purity. Neither should a plumbing fixture be 

cross-connected between the water-distributing system and a drainage 

system so as to make possible the backflow of sewage into the water- 

Sanitary Piping—Piping used for conducting milk should be of the 

“sanitary” type of which the inner surface is smooth and easily clean- 

able with a brush. It should be made of metal that does not corrode 

eahThe sanitary pipe-line fittings should be sweated in places with solder, 

and their connections with the pipes left smooth and flush. 

The pipes, valves, fittings, and connections should be accessible eiit 

to the sight or to the touch so that one can determine whether they are 

clean lent or dented pipes should not be used; for it. is difficult to 

remove milk solids from such connections, and milkstone will form o 

that is practicable. 
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Containers and Equipment.—Containers and equipment with which 

milk comes in contact should be constructed of metals that are not readily 

corrodible and that have smooth surfaces, easily cleaned. Milk should 

not routinely come in contact with V-type threaded suifaces. Llilk 

pumps are common sources of contamination il they are not constructed 

of smooth-surfaced noncorrodible metal and il they cannot be readily 

taken apart for cleaning. 
In all cases where a rotating shaft is inserted through a surface with 

which milk comes in contact, the inspector should assure himself that 

the joint between the moving and stationary surfaces fits closely. Where 

thermometer bulbs are inserted through the surfaces with which milk 

comes in contact, the bulb should have a pressure-tight seat ahead of all 

threads and crevices. The use of rubber gaskets and similar materials 

should be avoided where single-service paper gaskets are available for 

preventing leaks. 

Joints should be soldered flush with the surfaces or otherwise fitted 

to eliminate open seams. Equipment should be in good repair, easily 

accessible for cleaning, and self-draining. The outlet valve of vats 

should be so installed that all liquid will drain from them after cleaning 

and sterilization. 

The rooms in which single-service containers and container caps and 

covers are manufactured, packed, and stored should be clean, well lighted, 

ventilated, and free of dust and flies. The average bacterial plate count 

of the stock from which single-service containers and container caps are 

made should not exceed 250 colonies per gram. 

Single-service containers and container caps should be given, before 

use, a bacterial treatment equivalent to contact with paraffin at 180°F. 

for at least 20 seconds, at 175°F. for at least 35 seconds, or at 225°F. for 

at least 1 second. The bactericidal-treatment equipment should be 

provided with approved indicating and recording thermometers and 

should be designed to ensure automatically the required temperature and 
contact time. 

Disposal of Wastes. All wastes from the cleaning and rinsing of con¬ 

tainers, equipment, and floors, from flush toilets, and from washing 

facilities should be disposed of in a public sewer. Where a public sewer 

is not available or its use is prohibited for dairy wastes, the method of 
sewage disposal described in Chap. VIII may be used. 

No trash and garbage should accumulate on the premises except in 

properly covered containers. Trash containers in the milk-processing 
rooms should preferably have self-closing covers. 

Cleaning and Sterilizing Equipment.-All containers and equipment 
should be properly cleaned after use. Containers must be subjected to 
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an approved bactericidal process after each cleaning, and all equipment 

immediately before it is used. Empty containers are to be cleaned and 

sterilized at the milk plant before being returned to the producers. 

Demountable equipment, such as pipe lines, must be taken down each 

day for cleaning. It should be placed on a clean support, such as a tank 

or a rack, and not on the floor. Thermometer fittings should also be 

taken apart if they do not have pressure-tight seats. 

Bactericidal Treatment.—The bactericidal treatment of the assem¬ 

bled equipment should be required immediately before the day’s opera¬ 

tion. This may be done with steam, hot water, or chlorine solution. In 

certain states, chemical sterilization is not legal unless heat sterilization 

is also used. 
Steam may be applied to each group of assembled piping by inserting 

the steam hose into the inlet and maintaining steam flow from the outlet 

for 5 minutes after the temperature of the steam at the outlet has reached 

200°F. Any completely enclosed equipment such as preheaters, pumps, 

filter, valves, tubular holders, and regenerative heater-coolers that are 

continuous and under pressure from the pipe system may be considered 

as adequately sterilized when heated by this procedure. Covers and 

other closures and unions should be loosened to ensure joints’ being 

thoroughly steamed and to lessen expansion and contraction cracks anti 

strains. Equipment such as weigh tanks, storage vats, forewar mens, 

clarifiers, separators, pasteurizing vats, coolers, and bottling machines 

which are not under pressure from the pipe line, must be sterilizer 

separately. ... 
Chapter XIII further describes cleaning and sterilization ol milk- 

PlaTheTns^ctor should satisfy himself by bacteriological examination 

that bottles and cans have been effectively sterilized and that they have, 

after sterilization, a bacterial plate count of not more than one colony 

per milliliter capacity. The determination of the bacteria content of 

equipment is described in Chap. XXV. ,, 
Storage of Containers.—After sterilization the cans, bottles, o. 

milk products containers, and equipment should be stored where they 

will be protected from contamination. When practicable, cans may 

inverted over a storage rack constructed of galvanized piping. 

Floors of rooms should not be flushed while crates of cleaned bott 

persons or clothing after the equipment^ been sterilize 

Milk-container caps an Suitable cabinets should be 
tubes and carbons, m a utan u j i 
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provided for storing tubes and cartons after their removal from the 

larger outer boxes. At the beginning of each operation the first cap 

of each tube should be discarded, for it has been exposed and may be 

contaminated. 
Pasteurization.—The details of pasteurization of milk have been 

described in Chap. XIV. Emphasis should be given here, however, to 

the possibility of errors in processing and to the variations that may occur 

in commercial operations. 
The temperature to which the milk is heated anti the period it is held 

before cooling are vital to its quality. Many employees who operate 

pasteurizing equipment do not realize the relation ol proper pasteurization 

to public health. The thermometers may not accurately record the 

temperature, and in some instances the time of holding may be inten¬ 

tionally shortened. The inspector must check both the instruments and 

the operators and correct any faulty processing. The use of indicating 

and recording thermometers is essential to accurate control of the 

pasteurizing process. 

Accuracy of Thermometers.—The accuracy of indicating thermome¬ 

ters should be determined by the inspector each month at the legally 

required temperature of pasteurization. He should use a standardized 

thermometer reading within 0.2°F. He should also test the thermometric 

lag of indicating thermometers located on pasteurization pipe lines. This 

is done by immersing the thermometer bulb in a well-stirred water bath 

maintained at 160°F. The time required for the reading to increase from 

141 to 155°F. should not be more than 4 seconds. 

The temperature accuracy of the recording thermometer should also 

be tested by the inspector at the time of installation and at least semi¬ 

annually thereafter. It should be tested also at other times if the 

operator’s daily check with the indicating thermometer shows the 

recording thermometer to be frequently incorrect. The procedure has 
been described in Chap. XIV. 

Inspector’s Thermometer.—The inspector should use a maximum- 

self-registering mercury-actuated pocket-type thermometer, readily 

cleanable and made to meet the following specifications: (1) The apparent 

width of the mercury column should be not less than } inch. (2) It 

should be protected against high-temperature damage at 155°F (3) 

Its smallest scale divisions should be 0.2°F. (4) It should have not more 

than 6 per inch of scale. (5) It should be accurate within 0 2°F between 
142 and 145°F. ' cen 

When not in use, inspectors’ thermometers should be protected by a 

metal case provided with a suspension ring and a fountain-pen-type clip 

Maximum-temperature-registering thermometers should be checked oe 

casionally for failure to hold readings when taken from liquids in which 
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they have been immersed. This may be done by holding them in clear 

water at about 142°F., reading the temperature while they are immersed, 

and then reading it again after they have been removed from the water. 

A similar thermometer 12 inches long, protected against high-tem¬ 

perature damage at 220°F., may be used by the inspector to test indi¬ 

cating thermometers located on pasteurization pipe lines. 

Control of Time of Holding.—Where milk is heated in tha holding 

vat, the recording thermometer should show that the milk has been held 

at 143°F. The length of holding should vary according to the method of 

cooling. If cooling is begun in the holding vat before the opening of the 

outlet valve, 30 minutes is required. If it is done outside the holder, 

the holding time should be 30 minutes plus the time necessary for empty¬ 

ing the vat to the level of the recording thermometer bulb. 

No milk should be added to the holder after the start of the holding 

period. 

Recording Thermometer Charts.—All recording-thermometer charts 

should be retained 3 months for the information of the health department. 

No chart should be used more than 1 day except by permission of the 

health officer. All charts should contain the following information: 

(1) date the record was made, (2) number of location of the recorder if 

more than one'is used, (3) reading of the indicat ing t hermometer at some 

time shown by the chart during the holding period, (4) amount and grade 

of pasteurized milk represented by the chart, (5) any unusual occurrences, 

and (6) signature or initials of operator. These chart entries may be 

conveniently made if the plant provides a rubber stamp containing these 

items, with blank spaces for entries. 
Automatic-discharge Systems, and Manual-discharge Systems not 

Equipped for Heating in the Holder.—Where plants use continuous-flow 

heaters from which the milk flows into a series of holding tanks and 

where such holders are emptied automatically at the end of the holding 

period, the systems should be equipped with thermostatic control. The 

control should be designed and set so that every particle of milk will be 

heated automatically to at least the required pasteurizing temperature. 

Milk-flow Stop.—Automatic milk-flow stops are devices that checv 

the forward flow of milk whenever its temperature drops below the 

required limit in case the thermostat or the heat source fails Sue 1 

devices include automatic milk-pump stops, which automatically start 

and stop the milk-pump motors at the required temperature, and auto¬ 

matic flow-diversion devices, which automatically divert the milk fi 

the downstream point whenever it drops below the required tempera¬ 

ture and automatically allow resumption of forward flow when it agai 

reaches the required temperature. 

All automatic-discharge system 

not equipped for heating the milk in 

s, and all manual-discharge systems 

the holder, should have an automatic 
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milk-flow stop. The inspector should study the specifications and design 

of milk-flow stops and the directions for checking time-control devices. 

These are described in Bulletin 220 of the Public Health Service. 

Inlet and Outlet Valves.—Unless the inlet and outlet valves of pasteur¬ 

izing vats are properly designed anti operated, raw milk may leak into the 

vat during the holding or emptying time, or raw or incompletely pasteur¬ 

ized milk may leak into the outlet lines during filling, heating, or holding. 

Leak-protector valves should be used to prevent such leakage. They 

are provided with a leak-diverting device which, when the valve is in 

an}" closed position, will prevent leakage of milk past the valve. All 

multiple-vat or multicompartment holders should have such valves 

unless each vat is disconnected from the outlet piping during the filling, 

heating, and holding and unless the outlet piping is so arranged that only 

one vat can be connected to the discharge line at a time. 

The grooves of leak-protector valves should be at least inch wide 

and at least ^32 inch deep at the center. The grooves should extend 

throughout the depth of the seat, and no washers or other parts should 

obstruct the leak-protector grooves. 

Single-vat installations, if not provided with leak-protector inlet 

valves, should be disconnected from the raw-milk supply during the 

holding and emptying periods. If not provided with leak-protector 

outlet valves, they should be disconnected from the outlet piping during 

filling, heating, and holding. 

Milk Cooling.—Condensed moisture that accumulates on the header 

ends of milk coolers should not be permitted to drip into the milk unless 

the header ends are completely enclosed within the cooler covers. This 

purpose may be accomplished by shaping the exposed header faces to 

direct condensation away from the tubes, by using deflectors at the 

bottom of the headers, or by shortening the bottom trough. 

Recirculated water used in coolers should be properly protected or 

treated so that it will not contaminate the milk if flaws develop in the 
joints or in the metal separating the two. 

Open-surface coolers should be located in a separate well-ventilated 

room or should be equipped with tight-fitting shields, preferably sus¬ 

pended on trolleys. Exceptions may be warranted if the cooler is so 

constructed and located that contamination by flies, dust, dripping and 

splashing of other liquids, manual contact, and droplet infection from 
coughing and sneezing are not apt to occur. 

Milk-cooler shields should be tight-fitting to protect the milk effec- 
tively lrom contamination. 

Bottled milk should not be submerged in water for cooling, for the 

contraction of the contents accompanying the cooling process may create 

a suffic.ent vacuum within the bottle to draw in water around the edge 

the cap. Tests have shown that milk may be contaminated thus. 
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Bottling.—Milk should be bottled at the place of pasteurization with 

mechanical equipment of sanitary construction. The supply tanks and 

bowls of bottle fillers should be equipped with metal covers that will 

prevent contamination. 

Conveyers that automatically conduct empty bottles to the fillers 

from the bottle washers should be provided with overhead shields (Fig. 

80, page 251). If such protection is not given, condensed moisture may 

drip from the ceilings of bottling rooms and enter the bottles. 

The capping of filled bottles by hand is prohibited by certain health 

departments. It should be done by approved mechanical equipment. 

Delivery.—The condition and appearance of delivery equipment and 

the immediate surroundings of the plant do much to influence the con¬ 

sumers’ opinion concerning the effectiveness of milk control. The 

vehicles should look clean and should be enclosed with a covered body to 

protect the milk from sunlight and contamination. 

All vehicles should be kept clean, and no substance capable of con¬ 

taminating the milk should be transported with milk. The name and 

permit number of the distributor should be prominently displayed. 

Milk should not be transferred from one container to another on the 

street, in any vehicle or store, or in any place except a bottling oi milk 

room specially used for that purpose. 
Milk sold in the distributor’s containers in quantities of less than 1 

gallon should be delivered in standard milk bottles or in single-service 

containers. Hotels, soda fountains, restaurants, groceries, and similar 

establishments are usually required to sell or serve milk in the original 

container in which it was received from the distributor or from a bill 

container equipped with an approved dispensing device. A storage 

temperature of at least 50°F. should be required. 
Purchasers should be required to clean thoroughly the containers in 

which the milk is delivered before returning them to the distributor. 

Such containers should not be used for any other purpose without the 

consent of the health officei. # . . 
The collection of milk and milk-product containers from residences 

in which cases of communicable diseases exist should be subject to special 

voniiirpments of the health officei. 
Reporting Infectious Diseases.—Physicians of persons having ai 

Sous disease is even suspected among those who have come in con- 

“g ancf'requiro 'medical' ^blXllog“al examinations of such 

persons and their associates. 



DAIRY INSPECTION AND MARKET-MILK CONTROL old 

Denaturing Rejected Milk.—When milk is considered unsafe for 

human consumption after it has left the farm or after it has been proc¬ 

essed in the city plant, the inspector may be justified in denaturing it to 

prevent its use. _ 
Rennet has been recommended for denaturing rejected milk; but if 

coagulation should take place slowly, as would occur if the rennet were 

added to cold milk, the cream would rise to the surface and might be 

removed and mixed with other products without detection. 

Experience in milk control has led to the practice of using a harmless 

coloring material as well as rennet for denaturing. Charcoal (lampblack) 

0.5 to 1 ounce added to a 10-gallon can of milk will produce a grayish 

color. If this is used with 0.5 to 1 ounce of commercial liquid rennet in 

milk having a temperature of 55 to 60°F., the product will be changed 

sufficiently to prevent any part of it from being used for human consump¬ 

tion. Red coal-tar dye may be substituted for charcoal. Milk treated 

with these agents may be utilized for animal feeding. 

General Sanitation.—All persons coming in contact with milk, milk 

products, containers, or equipment should wear clean outer garments and 

should keep their hands clean. Washbasins located outside the exits 

of dressing rooms are convenient; in that location, employees may be 

better supervised and it may then be ensured that they wash their hands 

before starting work. 

Floors, walls, and ceilings should be kept clean. The floors, being 

subjected to constant wear, will eventually need repairing. The inspec¬ 

tor’s report, a copy of which should be left with the owner or his repre¬ 

sentative, should show such defects as may cause insanitary conditions. 

Bottle caps, cartons, washing powder, and such general supplies 

should be stored in a separate room, not left in the corners of milk¬ 
processing rooms. 

The area surrounding the plant should be kept free from rubbish and 

unused materials in order to maintain a neat appearance. 

SCORE CARD FOR MILK PLANTS 

A score card for the sanitary inspection of milk plants has been 

recommended by the Bureau of Dairy Industry of the U.S. Department 

of Agriculture. The items to receive the attention of the inspector anti 
the numerical value of each item are listed below. 

SCORE CARD FOR SANITARY INSPECTION OF CITY MILK PI \NTS 

(Approved by the American Dairy Science Association) 
Owner or Manager ... rp , 
o. . , , . Trade Name_ 
otreet and number. p-, . 

Number of wagons .... Gallons sold daily: Milk.. ’ .r . 

1 ernut or L,cense No.lb,,, „f inspection !!!! .'!!. 'jj '''''' 
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Score 

Per- Al- 
feet lowed 

1 

1 
1 
1 
1 
1 

2 
1 
1 

1 
1 

1 
2 
1 

1 

2 
5 

3 
1 
1 
1 

1 

2 
2 
1 
2 
2 

40 

Equipment 

Building: 
Location: Free from contaminating 
surroundings. 

Arrangement: 
Separate receiving room. 
Separate handling room. 
Separate washroom. 
Separate salesroom. 
Separate boiler room. 

Construction: 
Floors tight, sound, cleanable. . . 
Walls tight, smooth, cleanable. . 
Ceilings smooth, tight, cleanable 

Drainage: 
Floors... 
Sewer or septic tank. 

Provision for light (10 per cent of 
floor space).;. 

Provision for pure air. 
Screens._. 
Minimum of shafting, pulleys, 

hangers, exposed pipes, etc. 
Apparatus: 

Boiler of sufficient capacity. 
Approved pasteurizing equipment 
Appliances for cleansing and steri¬ 

lizing utensils and bottles. 
Filter or clarifier. 
Bottling machine-_. 
Bottle-capping machine.. ... 
Washbowl, soap, and towel in 

handling room. 
Condition: 

Milk-handling machinery. 
Pipes, couplings, and pumps... 
Cans.;. 

Laboratory and equipment. 
Sanitary water supply. 

Total. 

Methods 

Building: 
Cleanliness: 
Floors. 
Walls. 
Ceilings.. 
Doors and windows. 
Shafting, pulleys, pipes, etc... . 

Freedom from odors. 
Freedom from flies and other in¬ 

sects . 
Equipment, containers, etc.: 

Cleanliness: 
Thoroughly washed and rinsed 
Apparatus treated with live 

steam or chlorine; bottles 
properly sterilized. 

Protected from contamination 
Handling milk: 

Received below 50°F. (51° to 55°, 
2; 56° to 60°, 1). 

Rapidity of handling. 
Pasteurizing equipment operated 

according to approved methods 
Freedom from undue exposure to 

Score 

Per¬ 
fect 

air. 
Cooling: 
Promptness. 
Below 45°F. (46° to 50°, 1)..... 

Milk efficiently filtered or clarified 
before pasteurization. 

(After pasteurization, 0.5). 
Capping bottles by machine. 
Bottle top protected by cover.. . . 
Storage, below 45°F. (46° to 50 , 

3; 51° to 55°, 1). 
Protection during delivery (iced 

in summer). 
Inspection: 

Bacteriological work: 
Plant samples. 
Producers’ samples.••_••• 

Inspection of dairies supplying 
milk (once a year, 1). 

Cleanliness and health of employees: 
Annual medical examination of 

milk handlers for communicable 
dlS69^S6S •#••••••••••••****** 

Cleanliness of attendants (per¬ 
sonal cleanliness, 1; clean wash¬ 
able clothing, 1)... 

Cleanliness of delivery outfit. 

Total. 

3 
1 

10 

1 

2 
2 

Al¬ 
lowed 

2 
1 

60 

Equipment . . 
Final score. 
Note 1.- 

+ Methods 

„ .he conditions in 
to be inadequately expressed 

by aNoTEre2°i0If thewfter^pply ^"contaminated'orWre is evidence of the presence of a dangerous 

' - attendants, the final score shall be 0. . disease among 
Remarks: 

I nspcctor. 

As explained earlier in this chapter, the score card giving a mime • 

rating is more satisfactory for inspections of “°pIction 
because the score card requires more of the s • > The 

;r zzzss c rs arsi sst— 
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PASTEURIZATION PLANT INSPECTION FORM 
(Including Receiving Stations) 

GALLONS SOLD DAILY 
IN COMMUNITY 

Whole milk. 
Buttermilk. 
Cream. 
Other milk products. 

Name. Location. 
Sir: An inspection of your plant has this day been made and you are notified of the 

defects marked below with a cross (X). Violation of the same item on two successive 
inspections calls for immediate degrading. 

Item No.* 1 2 3 * 5 * * 8 

(1) Floors.—Smooth finish, no pools ( ), wall joints and floor surface 
impervious ( ), trapped drains, no sewage backflow ( ), clean 
and free of litter ( ). ( ) 

(2) Walls and ceilings.—Smooth, washable, light-colored finish, good repair 
( ), clean ( ). ( ) 

(3) Doors and windows.—In fly season, outer openings with effective screens 
and self-closing doors, or fly-repellent fans or flaps. ( ) 

(4a) Lighting— Adequate artificial light evenly distributed (see Code) ( ), 
in new plants, window and skylight area 10 % of floor area ( ). ( ) 

(46) Ventilation.—No undue condensation and odors. ( ) 

(5) Miscellaneous protection from contamination.—Processes partitioned 
*), rooms of sufficient size ( ), raw milk not unloaded directly 

into pasteurization room ( ), dump vats covered, ports protected 
( ), flies under control ( ), no woven-wire strainers, pasteurized 
milk strained only through perforated metal ( ), unsterilized raw- 
milk equipment not used for pasteurized milk ( ), no raw-milk 
bypass around pasteurizers ( ), no direct opening to stables or living 
quarters ( ), no drip from mezzanine ( ), ingredients properly 

... st°r<:d and handled ( ), no unapproved products handled ( ). . ( ) 
Toilet facuities. Comply with plumbing code ( ), good repair ( ) 

dean ( ) ventilated ( ), no direct opening ( ), self-closing 

comply itci'/oTc T ‘ WaShi,'g Sign ( PriVieS> if 

<7> ”cI:Zlj'emnffent )°UtletS ( >’ a<ieqUate < ‘ '" >■ ’ 
(8) Hand-washing facilities.-Adequate, convenient warm' water ‘ 

(01 s- Tsamtary towels ( )> hands washed after toilet (’ ) ’ , , 

ZJsuSs'T f C'T"1Ze a"d 'ength ( >■ smooth 
inspection ( ' ) ’ 8amtary fiUlngB’ mterK>r surfaces accessible for 

00) Construction and repair of containers and equipment — Easilv oui ‘ Ki' ’ ( ^ 
smooth, noncorrodible surfaces ( \ Slly cleanabl<b 
repair ) self-d l , f \ ^ °PT ( >• g°°d 
thermometers ( )Tpproved sin!Seats submerged 

), approved single-service containers ( ) ^ ^ 

of the Public Health Service Milk OrdinancT ariCriJZ which fl PaBteuriaed milk in the 1939 edition 
Items or parts of items not required for receivi^states " "*** 
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(11) Disposal of waste.—In public sewer or as approved by State board of 

health ( ), trash and garbage kept in covered containers ( ) ... ( 

(12a) Cleaning of containers and equipment.—Containers thoroughly cleaned 

after each usage (test 10) ( ), equipment each day ( ). ( 

(125) Bactericidal treatment of containers and equipment.—Containers treated 

after each cleaning to reduce bacterial count to 1 per cc. of capacity 

(test 11) ( ), assembled equipment once daily immediately before 

run, with steam flow 200°F., or hot-water flow 170°F., or standard 

chlorine solution flow, at outlets for 5 minutes (test 12); supplementary 

treatment for equipment not thus reached ( ) (see Code). ( 

(13) Storage of containers and equipment.—In clean crates or racks above floor, 

protected from flies, splash, dust, inverted when practicable. ( 

(14) Handling of containers and equipment.—No handling of surfaces to which 

milk is exposed. ( 

(15) Storage of caps.—Caps purchased in tubes, parchment papers and single¬ 

service containers in cartons ( ), kept therein in cabinet or other 

clean dry place ( ), first cap and paper discarded ( ). ( 

(16a)* Specifications for pasteurization thermometers.—All Code specifications 

met by all new indicating and recording thermometers, by all replace¬ 

ments, and by recording thermometers under repair which require 

renewal of tube system ( ); existing thermometers meet at least 

accuracy and lag specifications (tests 1, 2, 3, and 13) ( ). ( 

(165)* Maintenance of pasteurization temperature and time.— 

(A) For manual-discharge heated holders: 
Temperature control.—Adequate agitation throughout holding 

period, agitator sufficiently submerged ( ); indicating and recording 

thermometers on each vat throughout pasteurization ( ); recorder 

reads no higher than indicator (test 4); thermometer bulbs submerged 

( )...• ( 
Time control.—Charts show 143°F. for 30 minutes, plus emptying 

time if cooling begun after outlet valve opened (test 6) ( ); no milk 

added after holding begun ( )... • ■ • ( 
Charts.—Used only 1 day, preserved 3 months ( ); must show 

date location, daily check against indicating thermometer, amount, 

grade, and product represented, unusual occurrences, and operator s 

(B) Fordlautomatic-discharge holders and unheated manual-discharge holders: 

Temperature control.-Dependable thermostatic control and 

approved milk-flow stop: no manual switch on milk-pump stops, 

new stops combined with recorder bulb, but cut-out independent of 

temperature pen arm; power failure stops forward flow; lag of con¬ 

troller-recorder not over 5 seconds for new, 10 or easting, fo *ard 

now stops within 1 second after power cuts out (test 16), flow-diver 

sion valves of approved design (test 8), and bulb not over 18 niche 

upstream; no bypass around stop bulb ( )• Cut-in and cat-out at 

or above 143°F. or 160°F. (tests 14, 15), setting sealed, c“ 
auent ( ). No holder-heater permanently connected with water 

make up line ( ). Requirements when flow stop used on . 

upstream from holder: (a) no significant temperature drop in holde 

(test 17), (5) bulb of pump stop in milk at heated point, (c) no on 

* Items or parts of items not required for receiving stations. 
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gravity flow in stop position, (d) all parts of inlet lines below stop bulb 

have continuous flow during operation and are self-draining when for¬ 

ward flow stops, (e) no temperature loss due to cold holder metal or 

contents (test 15) or due to (/) backflow into holder ( ). Require¬ 

ments when flow stop used only downstream from holder: (a) holder 

unheated (b) flow-diversion device used, and (c) simultaneous tem¬ 

perature difference not over 1°F. (test 18) ( ). Indicating and 

reading thermometers at each stop bulb, on each manual-discharge 

vat and pocket, and at outlet of automatic-discharge system unless 

each pocket so equipped; bulbs close together ( )• Recorder 

reads no higher than indicator (test 4) ( ). Pasteurization tem¬ 

perature must be shown by charts near flow stops throughout forward 

flow; by charts on individual vats for 30 minutes, plus filling time of 

cooling begun before outlet valve opened, or plus filling and emptying 

times if cooling begun after outlet opened (test 6); by all other charts 

while milk passes thermometer bulb, otherwise milk repasteurized 

( ) . 
Time control.—No milk added to vats or pockets after holding 

begun ( ). Maximum speeds of motor and drive for timing 

devices of automatic batch holders and for milk pumps of tubular 

holders give adequate holding time (test 19); sealed if speed variable 

( ). No overflow from one pocket to another ( ). No air or 

gas accumulates in tubular holders ( ). Special requirements for 

30-minute tubular holders ( ). 

Charts.—Same as for (A) ( ); must also show periods of for¬ 

ward flow, and daily check of cut-in and cut-out temperatures 

( ). 
(16c)* Inlet and outlet valves and connections.—Any inlet and outlet valves 

used on single-vat installations must be leak-protector type,f other¬ 

wise piping disconnected ( ), all multiple-vat installations have 

leak-protector inlets, also leak-protector outlets except where Code 

permits disconnecting outlet piping instead ( ), 30-minute tubular 

holders have leak-protector outlet or outlet piping disconnected until 

30 minutes after filling begun ( ); leak-protector valves of approved 

design, effective in all f closed positions, and installed in proper posi¬ 

tion (test 8) ( ); inlets and outlets below milk level have close- 

coupled valves ( ), plug-type valves have approved stops ( f); 

top inlets have air relief if submerged ( ). Valves kept fully closed 

except inlet while filling and outlet while emptying ( ); outlet 

valves sterilized automatically f before opening if not leak protected or 

if milk accumulates in channel (test 9) ( ) 

(16d)* Air heating.—Air in vats and pockets heated to at least 5°F. above milk 

temperature during heating and kept at 148°F. or higher during hold¬ 

ing, with approved device ( ), approved trap on steam line ( ), 

approved air thermometer (test 7), bulb at least 1 inch above milk 

(16e)* Vat and pocket covers and cover parts.—No drainage from top'of cover 

into vat, open or closed ( ), ports surrounded by raised edges ( ) 

pipes, thermometers, etc., through cover have aprons unless joint 
watertight ( ); covers kept closed ( ) 

♦Items or parts of items not required for receiving stations. 
T Required for newly installed equipment only. 

9 

( 

( 

( 

( 

( 

( 
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(16/)* Preheating holders.—Holders not used as heaters are preheated to pasteur¬ 

ization temperature just before run, also when empty after shutdown 

exceeding holding period, unless outlet has flow-diversion valve. ( ) 

(17) Cooling.—All raw milk and cream cooled to 50°F. on receipt unless to be 

pasteurized within 2 hours ( ), pasteurized milk cooled to 50°F. and 

held thereat until delivery ( ); header gap on surface coolers not 

less than inch or thickness of header at gap ( )f, condensation 

and leakage from cooler supports and headers, unless completely 

enclosed in covers, directed away from tubes and milk trough ( f), 

recirculated water and refrigerant of required sanitary quality ( ), 

cooler covered or in separate room ( ), cooler shields tight fitting 

( ); pasteurized-milk (or heat-transfer medium) side automatically 

under greater pressure than raw milk in regenerators at all times (test 

20) (see Code) ( ). ( ) 

(18) * Bottling.—Mechanical bottler, simple design requiring infrequent adjust¬ 

ment ( ), properly covered ( ), float adjustable without lifting 

cover ( ), filler pipe with condensation diverting apron ( ), 

infeed conveyors with overhead shields ( ). ( ) 

(19) Overflow milk.—Discarded.• • • •  . ( 
(20) * Capping.—Mechanical capper integral with bottler requiring infrequent 

adjustment ( ), imperfectly capped bottles dumped and repasteur¬ 

ized ( ), cap protects pouring lip to at least greatest diameter 

( 2) ...... ( ) 
(21) * Personnel, health.—Required examinations and test ( ), rejected 

persons not employed ( ), no person with infected wound or lesion 

( ... .. ' • • ^ ' 

(22) Personnel, cleanliness— Clean outer garment, washable for inside employ¬ 

ees ( ), hands clean ( ).^ 
(23) Miscellaneous—Vehicles.—Clean ( ), covered ( ), no contaminat¬ 

ing substances transported ( ), distributor’s name shown ( ). 

Surroundings.—Kept neat and clean ( ). 

. . ., Inspector. 
Date..... 

. . , • rr„j„ R r-osteurized. All other Grade B pasteurized require- 

JXZZXi -a after ton, ate the aante aa for Cade A parted. 

* Items or parts of items not required for receiving stations, 

t Required for newly installed equipment only. 

The accuracy of pasteurization equipment should be tested by the 

inspector at regular specified intervals. Tests on the efficient operation 

of pasteurizers, their inlet and outlet valves, and thermometers shou 

made regularly. 

COLLECTION OF SAMPLES 

Milk and cream samples for laboratory examinations should be 

- Mli . . . 1 •_ nrfior to determine their sanitary quality. They 

2S.farmers' milk are usually collected 
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at receiving points within the city. At least four samples should be 

made during each grading period. 

Those samples collected for bacterial examination should be kept 

below 50°F. until plated. They must, accordingly, be packed in ice 

until examined. The inspector should have a suitable container for 

this purpose. Figure 154 shows a metal insulated box for collecting 

samples of bulk milk for bacterial examination. 

Fig. 154. * r IG 155 
T1 JlG- 1 ^4-—Insulated copper box for collection of milk samples for bacterial examinatioi 

Fig. 155. Sample bottles and container for collecting samples for chemical examination 

When samples consist of at least 4 ounces, they may be used for both 

™a, rr e*aminations- In such «“» th« bacteriologist 
should remove that portion required for preparing the bacteria plates 

before the samples are submitted to the chemist. A frosted surface on 

ren“h:he°dle ”“%* ^f”, ^ name of the dairy. Some bottles have metal tags with numbers 

t “f8 ti,e sampies y °uie 100 >shows a wooden box of a tvoe that is 
satisfactory when samples are collector] fvn.v, , ‘ 1 tnat 1S 

PIaced 
country receiving stations th, f 11 ’• at pasteurizing plants or at 
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long-handled dipper is kept in this solution for a few minutes and then 

used to stir the milk and collect the sample. It may be used without 

further bactericidal treatment for taking samples from other cans received 

from the same producer but must be rinsed and retreated with the chlorine 

solution before the sampling of milk from the next producer. The small 

amount of chlorine carried into the milk on the dipper will not affect its 

bacteria count. The cans of milk should be well stirred before the sam¬ 

ples are taken. Sample bottles should be not less than 4 ounces in 

capacity. 

Bottled milk is collected in the original container. The inspector 

selects either a pint of a quart container at random from the delivery 

truck. The top of the container may be covered with paraffined or 

parchment paper to assure the dairyman that the milk will not be con¬ 

taminated en route to the laboratory. The sample tag should be filled 

out at the time the sample is taken; and the wire twisted tightly around 

the neck of the bottle, thus binding tight the paper cover. Samples 

collected in bottles should be placed in a covered metal-lined container 

and surrounded with ice until examined at the laboratoiy. 

THE MILK SCORE CARD 

Score cards have been used for evaluating the quality of market milk. 

The various items considered important are included, and numerical 

SCORE CARD FOR MILK AND CREAM 
(Adopted by the American Dairy Science Association, June, 1941) 

Place . 
Class . 

Exhibit No. 

Perfect 
score 

Score 
allowed 

Remarks 

45 (See directions for ( 

35 

flavor defects) ) 
Bacteria found ( 

10 

per milliliter ) 

5 

5 Container ana closure. 

100 

Exhibitor 

Address 
(Signed) 

Judges 

Date 



521 DAIRY INSPECTION AND MARKET-MILK CONTROL 

scores give theratings allowed for perfect milk. When preparing the score 

card the judge should record the grade he would allow for each item based 

on percentage when compared with a perfect score. 

Several score cards have been proposed and used by different inter¬ 

ested groups. The principal difference between them has been whether 

the items “fat” and “solids-not-fat” should be included in the rating. 

A score card adopted by the American Dairy Science Association 

in June, 1941, is given herewith. 

DIRECTIONS FOR SCORING 

Flavor and Odor—Perfect Score, 45 

Deductions for disagreeable or foreign odor or flavor should be made according to 
conditions found. When possible to recognize the cause, it should be described 
under “Remarks.” The following may be used as a guide in scoring flavor: 

Excellent: 40 and above; no criticism. 
Good: 37 to 40; lacking special high flavor, flat, very slight feed, slight cooked. 
Fair: 34 to 37; cooked, feed, salty, slight cowy, slight oxidized. 
Poor: 25 to 34; strong feed, weedy, bitter, strong, musty, cowy, oxidized, 

very slight rancid. 
Bad: 25 and below: rancid, strong cowy, high acid. 

0; sour, putrid, or any flavor sufficiently strong to render the milk unfit 
for market purposes. 

Bacteria per Milliliter—Perfect Score, 35 

Bacteria Points Bacteria Points Bacteria Points 

500 and under. 
510- 1,000.. . . 

1,010- 1,500. . . . 
1.510- 2,000_ 
2,010- 2,500... . 
2.510- 3,000. . . . 
3.100- 3,500.... 
3.600- 4,000. .. . 
4.100- 4,500.. . . 
4.600- 5,000.... 
5.100- 6,000. . . . 
6.100- 7,000. . . . 
7.100- 8,000. . . . 
8, ICO- 9,000. . . . 
9.100- 10,000. . . . 

10,100-11,000_ 

35 
34.9 
34.8 
34.7 
34.6 
34.5 
34.4 
34.3 
34.2 
34.1 
33.9 
33.7 
33.5 
33.3 
33.1 
32.9 

11,100-12,000. .. . 
12.100- 13,000. . . . 
13.100- 14,000.... 
14.100- 15,000.... 
15.100- 16,000.... 
16.100- 17,000.... 
17.100- 18,000.... 
18.100- 19,000.... 
19.100- 20,000... . 
20.100- 21,000... . 
21,100-22,000... . 

22.100- 23,000... . 
23.100- 24,000.... 
24.100- 25,000.... 
25.100- 30,000.... 
31,000-35,000.... 

32.7 
32.5 
32.3 
32.1 

31.9 
31.7 
31.5 
31.3 
31.1 

30.9 
30.7 
30.5 
30.3 
30.1 

28.6 
27.1 

36,000- 40,000... 
41,000- 45,000... 
46,000- 50,000... 
51,000- 55,000... 
56,000- 60,000... 
61,000- 65,000... 
66,000- 70,000... 
71,000- 75,000... 
76,000- 80,000... 
81,000- 85,000... 
86,000- 90,000... 

91,000- 95,000... 

96,000-100,000... 
Over 100,000. .. . 

25.6 
24.1 

22.6 
20.6 

18.6 
16.6 

14.6 
12.6 
10.6 
8.6 

6.6 
4.6 
2.6 
0 

Sediment—Perfect Score, 10 

resulting cotton d 13^00mpare^with° sUuldards^Wfi f & S0C)i1incnJ tester> and the 
sediment should be described under “Remarks ” possible, the nature of the 
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Temperature—Perfect Score, 5 

Temperature, °F. Points Temperature, °F. Points 

50 and below. 5 57 to 60. 1 

51 to 53. 4 Above 60. 0 

54 to 56. 3 

Container and Closure—Perfect Score, 5 

Make deductions in score for dirty, leaky, dented, or chipped containers; and for 
closures which do not cover the lips of the containers or do not fit properly in the 

closure seats. 
NOTE: Any sample failing to comply with the legal standard for bacteria, fat, 

solids-not-fat, or total solids shall be debarred from competition. 

Another milk-score card, adopted by the California State Dairy and 

Milk Inspectors’ Association, includes provisions for fat and solids-not- 

fat. The details of this card are given below. 

SCORE CARD FOR MILK 

Place . 

Grade or class 

Perfect 

score 

Score 

allowed 
Remarks 

35 Bacteria found per cubic 

25 

centimeter. 

10 

10 

10 

5 

5 
Temperature of street samples. 

100 
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DIRECTIONS FOR SCORING 

Bacteria per Cc.—Perfect Score 35 

Bacteria 
Points 

allowed 
Bacteria 

Points 

allowed 

35 0 25,001- 30,000. 29.0 

Koi i non 34 9 30,001- 35,000. 28.0 

i nm i 100 34 8 35,001- 40,000. 27.0 

1 101 2 000 34 7 40,001- 45,000. 26.0 

2 001 2 500 34.6 45.001- 50,000. 25.0 

2 501- 3 000 34.5 50,001- 55,000. 24.0 

3 001- 3 500 34.4 55,001- 60,000. . . .'. 23.0 

3 501- 4 000 . 34.3 60,001- 65,000. 22.0 

4 001- 4 500 . 34.2 65,001- 70,000. 21 .0 

4 501- 5,000 . 34.0 70,001- 75,000. 20.0 

5,001- 6,000. 33.8 75,001- 80,000. 19 0 

6,001- 7,000. 33.6 80,001- 85,000 18 0 

7,001- 8,000. 33.4 85,001- 90,000 17 0 
8,001- 9,000. 33.2 90,001- 95,000 16 0 
9,001-10,000. 33.0 95,001-100,000 15 0 

10,001-11,000. 32.8 100,001-120,000 12 5 
11,001-12,000. 32.6 120,001-140 000 10 0 
12,001-13,000. 32.4 140,001-160 000 7 5 
13,001-14,000. 32.2 160,001-180 000 K 0 
14,001-15,000. 32.0 180,001-200 000 9 ^ 

15,001-20,000. 31.0 Above 200 000 0.0 
20,001-25,000. 30.0 

The method for reporting bacterial plate counts is described in Chap. XXV. 

Flavor and Odor—Perfect Score 25 

If the score is 25 to 23, no criticism should be made. Deductions for disagreeable 
or foreign odor or flavor should be made according to conditions found The cause 
if recognizable, should be described under Remarks. 

Ihe usual flavors for which deductions are made are as follows: feed, oxidized 

cooked, rancid, salty, unclean, flat, foreign, bitter, high acid, weedy, metallic and 
musty. The normal range of scores on flavor is 12 to 24. 

Sediment—Perfect Score, 10 

Exammat.on for sediment may be made with a sediment tester and the resulting 

the US D C07ar+edfw;th standards prepared by the Bureau of Dairy Industry of 
the U.S. Department of Agriculture as shown in figure 156 One LIT .? 

sediment also by examining the bottom of the milk in the bottle In tl , V"'"10 the 

the milk should stand undisturbed for at least 1 hour bef *i • ^ latter case 
the bottle carefully in its natural V ® the exami™tion. Raise 

Tip slightly, and observe the bottom of th^rnTwit“the^ hi’" ^ f® hrad- 

reading glass. The presenee of the slightest movable speek mlh^ iZltorl 
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impossible. Further deductions should be made according to the quantity of sedi¬ 
ment found. When possible, the sediment should be described under Remarks. 
Whole points should be scored between 0 and 7; half points between 7.0 and 8.0; 
quarter points between 8.0 and 9.5; and one-tenth points between 9.5 and 10.0. 

Fm. 156.—Sediment standards for milk. The number under each disk shows the sediment 

score for one pint of milk. (United States Department of Agriculture.) 

Between 9.5 and 10.0, it is usual to deduct one-tenth for each two particles observed. 

The normal range of scores on sediment is 5.0 to 10.0. 

Fat in Milk—Perfect Score 10 

Fat, per cent 

4.0 or over 

3.9 
3.8 
3.7 
3.6 
3.5 

Points Fat, per cent 

-- 

Points 

10.0 3.4 8.0 

9.8 3.3 7.0 

9.6 3.2 6.0 

9.4 3.1 5.0 

9.2 3.0 4.0 

9.0 

When the percentage of fat is less than the local legal limit, the score should be 0. 

SOLIDS-NOT-FAT-PERFECT SCORE 10 __ 

Solids-not-fat, 

per cent 

8.7 
8.6 

8.5 
8.4 

Solids-not-fat, 
Points per cent 

10.0 8.3 

9.0 8.2 

8.0 8.1 

7.0 8.0 

Points 

When the per cent of solids-not-fat is less than the local legal limit, the 

6.0 
5.0 
4.0 
3.0 

rab rtl 1 1/1 

be 0. 
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Temperature (Street Samples)—Perfect Score 5 

525 

Temperature, °F. Points Temperature, °F. Points 

5 57-60. 1 
ou or Deiow. 

SI SI 4 Above 60. 0 

54-56. 3 

Bottle and Cap—Perfect Score 5 

Deductions in score should be made for dirty or chipped bottles, for caps that do 
not cover the lips of the bottles or do not fit properly in the cap seat, and for bottles 

not full. 
The normal range of scores on bottle and cap is 3 to 5. 

COST OF MILK CONTROL 

The cost of milk control naturally will vary according to the popula¬ 

tion and the efficiency of the inspection service. The U.S. Public Health 

Service conducted a survey of cities that were satisfactorily enforcing 

the Public Health Ordinance. The average per capita cost in 1934 for 

those under 10,000 was found to be 9.5 cents, with individual variations 

from 2.1 to 19.9 cents. The average cost of satisfactory enforcement in 

larger cities is considerably less than the figures given, as is shown in 
Table 120. 

Table 120.—Annual Cost of Milk Control in 74 Cities2 

Number of 
cities 

Cents per 
capita 

Dollars per 
producer or 

plant 

39 9.5 54 
20 6.9 41 

8 7.5 47 
7 6.4 29 

74 8.3 47 

Size of city 

Under 10,000. . 
10,000-25,000. 
25,000-100,000 
Over 100,000. . . 
All sizes. 

Cents per 
gal. 

0.58 
0.36 
0.37 
0.21 

0.46 

In 19 of the smaller cities, all laboratory work was clone by the state 

Iheir mean per capital cost was 7.8 cents, as compared with 8 5 cents 

for the remaining 55 cities. In about two-thirds of the 74 cities costs 

per gallon 'per caP‘ta> $'50.00 per producer or plant, and $0,005 

Revenue for milk control and inspection is derived mostly from city or 

ounty general tax funds. A number of municipalities supplement such 
appiopnations from fees and license dues In n f., , 
Der runt nf i . . cmes* ln a tew cities as much as 50 
pci cent ol the whole cost is covered by licenses. 
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SELECTION OF PERSONNEL 

A full-time inspector should be appointed, with such assistants as 

may be required. The health officer will have final responsibility for 

action taken by the division, but he cannot well combine the many 

aspects of the milk-control program with his numerous other duties. 

Dairy and milk inspectors should have specified qualifications for the 

work. Dairy inspectors should have technical training and practical 

dairy experience. They should be trained in dairy technology and in the 

relation of milk to public health. They should also have the educational 

background that serves as an incentive to study further and to keep 

informed on the later developments in their field of endeavor. 

The inspector should be equipped to inspect dairy farms, receiving 

stations, pasteurizing plants, and retail establishments. He should be 

prepared to make chemical and bacterial examinations of milk, to admin¬ 

ister the licensing system, to represent the health department’s case before 

the courts or the municipal governing body, and to recognize infectious- 

disease hazards among dairy employees before the milk supply is infected. 

Graduates of agricultural and veterinary colleges who have specialized 

in dairying are well trained for these duties. With such a personnel, both 

the public and the industry should be protected. 

ORGANIZATION OF MILK CONTROL 

City milk control is usually under the supervision of the department 

of health, the health officer being the executive officer. In large cities 

the responsibility for dairy inspection is usually delegated to a chief milk 

inspector. He directs the policies of the department and deals with the 

supervising inspectors, who are in charge of different branches of the 

work. They are (1) the supervisor of country inspectors, (2) the super¬ 

visor of city inspectors, and (3) the chief of laboratories.. 
The staff of the country division may be divided into dairy-farm 

inspectors and country-plant inspectors. The farm and plant inspectors 

are usually assigned to districts in which there may be six to eight repre¬ 

sentatives. Each group is under the direction of a district supervisor 

who is responsible for the dairy inspection in his territory. 
The city division may include pasteurizing-plant inspectors, railroad- 

terminal inspectors, and sample collectors. Each of these groups as a 

supervisor who deals directly with the inspectors in the conducting 

their daily activities. . i p 
In smaller cities the organization may bo greatly simp • 

inspections of farms and country receiving stations ™^c can djut 

by the same man; and the city inspector may cover theP—g 

plants, the receiving of milk at the terminals, and its ca.e 6 

tribution and sale. 
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The laboratory section often operates independently from the inspec¬ 

tion department; in this case the reports are made direct to the health 

officer. 
Milk Control in Small Towns—Where dairy inspection is too expen¬ 

sive for small towns to maintain, a satisfactory service may be established 

in connection with the county health department. With this arrange¬ 

ment the inspector divides his time to supervise'the milk supply in each 

community, and the expense is prorated according to the volume of milk 

distributed. The prorated expense may be paid by each community 

from tax funds, or it may be met from fees paid by the milk producers 

and distributors. 

The supervision should include sanitary inspections of the premises of 

producers and distributors of milk; the collection of samples from delivery 

vehicles, hotels, stores, and restaurants; and their examination for chemi¬ 

cal and bacterial quality. 

The analyses are usually made in the county health-department 

laboratory. Where the county docs not maintain a regular laboratory 

service, the dairy inspector sometimes makes the analyses. 
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CHAPTER XXIV 

THE USE OF MILK IN NUTRITION 

The milk of animals was used for human beings before the dawn of 

history. Scientific findings of today reaffirm its special value for both 

children and adults; it has been correctly termed “the most nearly 

perfect food.” The market-milk distributor should understand the facts 

about milk and nutrition in order to answer the questions of customers. 

His business will prove more interesting if he fully appreciates the impor¬ 

tance of his product to the health of his community. He should under¬ 

stand certain general principles in order to realize the true value of milk. 

PRINCIPLES OF NUTRITION 

In recent years, nutrition has been placed on a firm and scientific 

basis by research in chemistry and biology. It is not within the scope of 

this discussion to describe the many developments in this field. For a 

broader treatment of the subject, one may consult Dr. H. C. Sherman’s 

text1 “Chemistry of Food and Nutrition.” It seems desirable, however, 

to record the present accepted facts in nutrition before discussing the 

relation of milk to infant and adult nutrition. 
Functions of Food—Food must perform many functions in the body. 

It must supply heat to maintain the body temperature and provide the 

energy for muscular activity; it must furnish material for growth and 

repair of tissues, minerals for the structure of bones and teeth and for the 

blood, and vitamins and materials for the hormones and enzymes which 

are also necessary for the harmonious functioning of the body. No one 

food, therefore, could be expected to supply all the materials required. 

Milk however, being formed to nourish the species before a mixe ie 

can be taken, occupies a unique position. As will be explained later it 

is the one food that supplies most of the nutritional requirements in the 

proper form and amounts. 

FUNCTION OF FOOD CONSTITUENTS 

Carbohydrates.—The carbohydrates used in nutrition are the sugars 

and s“ r^s. By the action of enzymes in the digestive^ starch ,s 

finally converted into the simple sugar glucose. S mrlarly spec.fa 

enzymes convert the disaccharides, sucrose, and lactose into simple 

sugars. The sugars contain only carbon, hydrogen, and oxygen, and 

528 
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when oxidized in the body, they yield energy. This energy is usually 

measured in terms of calories. 
The calorie, a measure of heat energy, is the amount of heat required 

to raise 1 gram of water 1°C. A large calorie is the amount required to 

raise 1000 grams of water 1°C. The caloric values of most common food 

constituents have been determined and are used in calculating the caloric 

value of a diet. 
The function of carbohydrates is to furnish available energy to be 

used in maintaining body temperature and muscular activity. The 

body contains about 1 per cent carbohydrate, and the storage capacity 

is limited to the amount of glycogen (animal starch) that can be stored 

in the liver and muscular tissues. Excess carbohydrate is converted to 

fat and stored as such. 

Fats.—Fats are also used by the body as a source of energy. When 

oxidized in the body, they yield more energy per gram than do sugars. 

Sugars yield about 4 calories per gram; fats, approximately 9. Fats, 

like carbohydrates, are composed of only three elements, carbon, hydro¬ 

gen, and oxygen. Besides being a source of reserve energy, they insulate 

the body, thus aiding in the control of body temperature. 

In caloric value, all fats are approximately equal; that is, when 

oxidized, they yield the same amount of energy. They have, however, 

other nutritional functions. As research in recent years has shown, 

certain unsaturated fatty acids (linoleic and certain other highly unsatu¬ 

rated acids) have special functions in the body, for they are indispensable 

in nutrition. They are not synthesized in the human body or are syn¬ 

thesized at a rate much less than that at which they are utilized. A 

further function of fat is to serve as the solvent in food for the fat-soluble 
vitamins A, D, and E. 

Proteins—Proteins are required for building new tissues (growth) 

and repairing old ones. They are more complex than the carbohydrates 
and fats. Besides the carbon, hydrogen, and oxygen found in the latter 

substances, proteins all contain nitrogen, and some have sulphur as well. 

The proteins are composed of amino acids, often called ‘‘the building 
stones of protein." Twenty or more different amino acids have been 

isolated from proteins, and each protein is characterized by the pattern 

in which these building stones are put together and by the number and 

proportion of the different ammo acids it contains. Whereas certain 

fZTetr beTrheSi2ed in T fmal b0dy’0thers be secured 
from the food The ammo acids that cannot be synthesized in the 

animal and that have proved necessary for growth or maintenance have 

th Csenbal - nUtriti°n' Some Panins contain all 
ttie essential ammo acids; these are called “complete proteins ” 

Others, containing only a few, are called “incomplete-^ may be so 
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supplemented by the complete proteins as to have more value in the diet. 
The milk proteins, for example, are complete and may be used to supple¬ 
ment the cereal proteins. Cereal proteins and plant proteins, in general, 
are less complete than those of animal origin. 

The protein requirements for children are proportionately greater 
f 

than for adults, for in the latter the proteins are needed only to repair the 
tissues and to supply the amino acids necessary for producing certain 
hormones and catalysts in the body. The excess protein is converted 
largely to sugar, and it may then be utilized at once for supplying energy 
or be converted into fat to be later used for energy. In thinking, there¬ 
fore, of the energy content of foods, one must consider carbohydrates, 
fats, and proteins, for all may supply energy. One gram of protein has 
about the same caloric value as a carbohydrate—that is, 4 large calories, 
or 1,820 large calories per pound. Fats supply 4,040 calories per pound. 

Balanced Diet.—For proper nutrition, the fats, carbohydrates, and 
proteins should be present in the diet in proper proportions. For an 
adult, about 60 per cent of the food calories should be in the forms of 
starches and sugars, about 25 to 30 per cent in the form of fat, and about 
10 to 12 per cent in the form of proteins.2 

Minerals—Minerals are food constituents as truly as are the carbo¬ 
hydrates, fats, and proteins. The bony structure and the teeth require 
calcium and phosphorus for growth and repair. Calcium is necessary m 
the blood. Phosphorus performs many functions in the body besides 
its skeletal function. Iron is required in building certain enzymes and 
catalysts, and especially for hemoglobin in the red blood cells Copper 
is used in blood formation. Zinc and manganese are required in small 
amounts. Iodine is needed for producing the hormone thyroxin. These 

elements comprise the “ash” of a food product. 
Vitamins.—Even adequate amounts of complete proteins and propel 

proportions or carbohydrates, fats, and mineral constituents are mcapab e 
of maintaining Ufe very long. Research that began about hnty yea. 
ago has demonstrated that other substances called food^access ^ 
are required. These accessories are now known as vital •• 
chemical nature, mode of action, and distribution of these ^“tances 
<•' nave been intensively studied during the past few >e ^ 

fof the vitamins have been synthesized 
their chemical formulas have been ertab'njhrf. To J^ ^ ^ 
physiological action, each vitamin is rel£ ^ lm amounts causes a 
body, and its absence of presence in leSS™“°Ptb“ber; and rickets, for 
specific nutritional deficiency lscase. ’ f ’pec|gc vitamins, 
example, are caused by lack of a suffic.enf^ upply of sp cal. 

AC:htagdLTa ^"^ iuate in these facto., 
cium. wt 
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results in better growth, health, and spirits. They contribute to the 

establishment of “buoyant” rather than “passable” good health. 

In modern industry the tendency has been to prepare refined food 

products—for example, polished rice, white flour, and canned and dried 

foods. In these products, there is either a partial destruction of vitamins 

or a separation of the vitamin-containing fraction from the main food 

constituent. It requires knowledge and planning to obtain diets ade¬ 

quate in vitamins. 
At present, it is necessary to determine the vitamin values of foods by 

the bio-assay method—the feeding of standardized diets to animals with 

and without the feed being studied. The results are obtained by observ¬ 

ing effect on growth or on the healing of deficiency-disease symptoms, 

depending upon the vitamin being studied. White rats, guinea pigs, 

dogs, pigeons, and chicks are used, depending upon the animal most 

appropriate for the different vitamin tests. As knowledge of the chem¬ 

istry of the vitamins increases, bio-assay will be less common, and chemi¬ 

cal or physical methods will be adopted. Vitamin C, or ascorbic acid, 

is now tested for by a simple titration. 

AVith increased knowledge of the chemical nature of vitamins and with 

success in preparing them in pure form or in concentrated products, there 

has come a tendency to offer them for sale as medicines. Such prepara¬ 

tions should be used only on the advice of a physician. For most of the 

population, an intelligent dietary will supply all the vitamins necessary 
for optimum health. 

rlhe vitamins have been classified as fat-soluble and water-soluble. 

Vitamins A, D, and E belong.to the first class; vitamins B, C, and G to 

the second. The principal recognized vitamins and their nutritional 
functions are listed below: 

Vitamin A.—T his vitamin is derived from carotene, a yellow pigment 

of plant origin found most abundantly in green vegetation and in carrot 

roots. The vitamin A value of a food includes the provitamin (carotene) 

plus the portion that has been converted into the colorless vitamin A. 

A itamin A is heat-stable and withstands cooking and drying; it is 

however, inactivated by oxygen at high temperatures. 

The function of this vitamin is to promote growth in the young and 

health in both the young and the adult. It helps maintain the integrity 

of epithelial tissue and thus aids in protecting against infections of the 

respiratory tract-nose, throat, and lungs. It is required for normal 

reproduction and lactation. One of the most striking symptoms of lack 

of vitamin A is xerophthalmia, or ulcer of the cornea of the eye. 

inf if"1? ArTd. ‘n thC b°dy’ PrinciPal'y in the liver. This storage 
(of the vitamin) aids in giving the body a uniform supply. According 

to recent experiments, both young and old should receive this vitamin 
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in amounts up to at least fourfold the quantity just required to support 

normal growth and should be protected from any visible sign of deficiency. 

The increased quantity of vitamin A is one factor regarded by Dr. H. C. 

Sherman as promoting “buoyant” in contrast to “passable” health. 

According to nutritionists, the diet of most persons might well be increased 

in vitamin A content. Milk fat, egg yolks, carrots, and green leafy 

vegetables are the most common sources. 

Vitamin Bi.—Vitamin Bi (thiamin) is required to protect the body 

from beriberi (a nerve disorder). Frequently, it is called the “anti- 

neuritic” vitamin. It performs other functions as well; it promotes the 

appetite and digestion, keeps the digestive tract in “tone,” and is con¬ 

cerned with carbohydrate metabolism in the body. Vitamin Bi has 

recently been found to be a member of an enzyme system responsible for 

oxidizing carbohydrates in the animal body.3 In combination with 

phosphoric acid, it has been identified as the coenzyme known as cocar¬ 

boxylase. This finding throws light on how the vitamin works in the 

body and explains why a small amount of the substance is effective. 

(Another vitamin, G or riboflavin, has also been identified as a member of 

an enzyme system.1*) Growth is promoted by its effect on metabolic 

processes; wheat germ and pinto beans are among the best sources, with 

common fruits and vegetables as important additions. Milk is a fair 

source. _ 
Vitamin C.—Since a prolonged lack of vitamin C manifests itself in 

the disease scurvy, it has been called the “ antiscorbitic ” vitamin. Its 

nutritional functions in the body are apparently related to the oxidative 

processes of the cell. It is found in all animal tissues but is present m 

highest concentration in glandular tissue where the rate of metabolism 

is highest. Lack of vitamin C results in abnormal tooth and bone 

formation and defects in the structure of blood capillaries 

In human nutrition, the diet is seldom deficient enough in vitamin G 

to result in scurvy. According to experiments, the deficiency makes 

itself felt long before clinical symptoms of scurvy are observed I he 

effect on the teeth is reported to be the first sign. Another symptom is 

the weakened blood capillaries. The body apparently has a saturation 

capacity for the vitamin; and after this amount has been reached he 

excess is excreted in the urine. Research has shown, however, that the 

saturation capacity has not been reached by many persons. For positive 

vilamin^Us an instant nutritional problem. Ordmanly, fresh 
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fruits and vegetables are better sources than cooked or canned foods. 
Commercially canned products, however, are higher in vitamin C than 

most home-canned products. 
Vitamin D—This vitamin is concerned with the normal deposition 

of calcium in the bones and teeth; it has been called the antiiachitic 
vitamin because faulty calcification of the bones results in the disease 
known as rickets. The occurrence of rickets depends upon several 
factors not independent of each other; the calcium and phosphorus con¬ 
tents of the diet and their ratio as well as availability are important 
considerations, along with an adequate supply of vitamin D. When the 
first factors are supplied in proper amounts and in proper form, the supply 
of vitamin D is the factor most concerned with the presence or absence 

of rickets. 
Vitamin D has recently been found in several forms not all of which, 

apparently, are equal in antirachitic value.5 It is produced by irradiating 
the provitamins cholesterol in animals and ergosterol in the lower plants. 
Because the skin of animals contains the provitamin cholesterol, irradia¬ 
tion of the skin by natural means (strong sunlight) or artificial means 
(sun lamps) results in the formation of vitamin D in the body. Food 
products containing cholesterol or ergosterol can be increased in anti¬ 
rachitic value by irradiation with ultraviolet light. 

Being heat-stable, vitamin D is conserved when food products are 
processed. It is not widely distributed in nature; and because it is 
especially required by infants and growing children for proper bone and 
tooth development, pediatricians regularly prescribe cod-liver oil for 
infants and children, especially during the winter months, when the 
opportunity to secure the vitamin from irradiation of the skin in sunlight 
is reduced. 

Vitamin E. A itamin E is concerned with the reproductive processes 
of both male and female. It is required for normal germ-cell maturation 
in the male, and its lack may result in complete sterility. In the female, 
it is required for the normal functioning of the placenta, its lack leading 
to resorption of the fetus. Being stable to heat, it is conserved during 
cooking, drying, and sterilization. It is found in milk fat, vegetables 

and meat. Because of its wide distribution in nature and the improb¬ 
ability of its being a limiting factor in human nutrition, Dr H C Sher- 

man" does not lay emphasis upon vitamin E in practical considerations 
of food values. 

Vitamin G (B2).—This vitamin is required for normal growth and 
for ma.ntammg a healthy skin. Vitamin G is required for normal 
health at any age, and Dr. H. C. Sherman- regards it as another 

nutntmna! factor that should be given in excess to achieve “buoyant” 
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Formerly, this was called the “antipellagra” vitamin; but according 
to recent research the pellagra factor is distinct from vitamin G, now 
known as the “flavin” factor. The pellagra factor is nicotinic acid. 

Other Vitamins in the Vitamin B Complex.—Besides nicotinic acid, 
other vitamins known as B4, B6, and filtrate factor have been identified. 
More vitamins will probably be found in the future as additional data 
are secured. Vitamin B6 has recently been named pyridoxine, and the 

filtrate factor has been recognized as pantothenic acid. 
t 

VALUE OF MILK CONSTITUENTS IN NUTRITION 

Lactose.—Milk contains the carbohydrate lactose, or milk sugar. 

Lactose has the same energy value as any other carbohydrate of equal 
weight. It has, however, different characteristics of fermentation 
that are considered important in nutrition. According to Herter and 
Kendall,6 lactose is less subject to fermentation in the stomach than is 
sucrose. Because lactose is less soluble than sucrose, it is less liable than 

sucrose to cause direct irritation of the stomach membrane. The fact 
that it contains the sugar galactose may have special nutritional impor¬ 
tance. Mathews7 suggests that this function may be the synthesis of the 

galactosides of the brain and nerve tissue. In recent years, lactose has 
been shown to be important in maintaining normal conditions in the 
intestines, for it aids in the growth of desirable bacterial flora such as 
Lactobacillus acidophilus. Lactose and dextrin are the only sugars able 
to pass far enough through the intestinal tract unchanged to serve as 

nutrient for L. acidophilus used in the preparation (see Chap. XIX, page 

Milk Fat.—The chemical characteristics of milk fat were consideicd 1 

Chao II. It was shown to be unique in that it contains many more fatty 
acids than any other fat of animal or vegetable origin. It contains the 
unsaturated fatty acids so necessary in nutrition More is being is- 
covered each year about the constituent fatty acids of milk fat, and lie 

fatty acids present in very minute amounts are now being investigated 
in several laboratories. Some of the acids may perhaps have a spec.a 

Val Mi'lk feUs also a vehicle for carrying the fat-soluble vitamins A D, 

-i ,..u~ » 
content of two suffici(lnt quantities in the cereal grains. 

Lactalbumin is an especially good 

-uirementS 
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of a diet that includes proteins of vegetable origin as a major source of 

this food requirement. 
Minerals.—Milk is the best common source of calcium. According 

to Dr. H. C. Sherman,1 American diets are more liable to be deficient 

in calcium than in any other food constituent. Analysis of foods shows 

that a child cannot well secure sufficient calcium without consuming 1 

quart of milk per day. This quart supplies about 1 gram of calcium to 

the diet. For the adult, likewise, milk is the best source of calcium. 

Cheese may be used to replace some of the milk in diets for adults. 

Iron is present in milk, but not in sufficient amounts for milk to be 

used as the sole source of this mineral. The iron of milk, however, is 

present in organic compounds and, according to recent experiments, is 

more available than iron from other sources.1 Eggs, fruits, and vege¬ 

tables, always included in correct diets, furnish sufficient iron and also 

copper, which in milk is not present in optimum amounts. 

The iron and copper content of milk is fairly constant and cannot be 

increased by increasing the amount of these elements in the rations of 

cows.8 The iodine content, however, is directly related to the ration 

fed to the cow. In localities where iodine is deficient, iodized salt or sea 

foods may be added to the human diet. 

Vitamins in Milk. Vitamin A.—Milk and milk products containing 

fat are regarded bv Dr. H. C. Sherman1 as the most important source of 

this vitamin in American and European diets. As was mentioned in 

Chap. II, the vitamin A value of milk depends on the diet of the cow. 

Carotene, the precursor of vitamin A, is responsible for the vitamin A 

value of milk products and is obtained by the cow only from her ration. 

Green pasturage, molasses silage, A.I.V. (acid) silage, carrots, and carefully 

cured legume hay are the principal sources of carotene for dairy rations. 

Winter milk is less potent than summer milk in vitamin A value unless 

the rations supplied contain appreciable amounts of carotene-containing 
roughages. 

Vitamin A is not destroyed by either pasteurization or irradiation. 

Since vitamin A and its precursor are fat-soluble, they accompany the fat 

in products made from milk. Butter, cheese, and ice cream are therefore 
important sources of vitamin A. 

Vitamin Bi. Milk is a fair source of vitamin Bx. According to 

experimental data, some of this vitamin is destroyed in heating milk, 

vrauss, Erb, and Washburn9 report a 25 per cent destruction of vitamin 

B during pasteurization. Whereas little or no destruction is reported 

T7‘k, ' ' ,by the atmospheric drum method, a slight destruction is 

vi amin B il not rTr”' In the ordinary diet of adults, 
vitamin B is not a problem, being widely distributed in eggs meat 
cereal grams, legumes, and vegetables. ’ 
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Vitamin B is synthesized by plants and by some species of yeast and 

bacteria. In the cow, it may, apparently, be synthesized by bacteria in 

the rumen. Recent work indicates that the vitamin cannot be increased, 

above a certain level, by the feed of the cows.4 

Vitamin C.—Milk is not considered an important source of vitamin C, 

which, however, is usually supplied in adequate amounts when the diet 

includes the constituents indicated by the newer nutritional knowledge. 

Fruits and vegetables are our best source of this vitamin, particularly the 

citrus fruits and tomatoes. Pediatricians include orange or tomato 

juice in the diet of infants after the first two or three months to ensure an 

adequate supply of this vitamin. 
Vitamin C is present in fresh raw milk to the extent of 12 to 20 

milligrams per quart. The higher figure is about 50 per cent of the daily 

requirements of an adult. Vitamin C disappears rapidly in milk follow¬ 

ing storage; after two or three days, one-third to one-half of it will be 

destroyed. (The chemical nature of vitamin C and the pH of milk 

make this inevitable.) If raw milk is exposed to copper or sunlight, 

vitamin C is destroyed at a rate much more rapid than that indicated 

above. Pasteurized milk, not contaminated with copper at any stage 

of production or processing, has nearly the same vitamin C value as has 

raw milk likewise protected from light and copper contamination. 

However, because the general milk supply is not so treated, nutritionists 

are justified in regarding milk as variable in vitamin C content and m not 

depending upon it to supply this vitamin in the diet. 
The vitamin C content of milk does not depend appreciably upon the 

feed for the cow (in common with some other animals) can synthesize 

this Vitamin. When cows are fed adequately, variations m the vitamin 

C content of the diet have little effect on the vitamin C content of the 

^^Vitamin D.—Milk and milk products containing milk fat contain some 

vita". Methods for increasing the vitamin D content of milk are 
vitamin present, nutritionists do not agree as to 

the^sdomonncreas^ng^the vitamin D ’content of the general food supp^ 

If such a procedure is to be followed, however, many regard milk as the 
It sucn a proceuuic , vitamin When milk and dairy 

“-is; sr? “ 
and wheat germ, however are mm«.^n^soi of vitamin G or 
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an aid to a wider distribution of this vitamin in the diet. Processing 

milk has little or no influence on its stability. 
The vitamin G, or riboflavin, content of milk produced by cows 

receiving satisfactory rations is fairly constant. In the cow, possibly, 

the bacterial flora of the digestive tract (rumen) contribute to the vitamin 

G content in a manner similar to the synthesis of vitamin B. Milk also 

contains nicotinic acid, vitamin B6, and the filtrate factor. 

Digestibility of Milk.—The digestibility of a food is calculated as the 

percentage of the food eaten that is utilized by the body. Milk is among 

the most digestible of foods. It is usually considered that 98 per cent of 

the protein and 99 per cent of the fat and lactose are digested. The 

following table lists the digestibility of different classes of foods when 

consumed in a mixed diet: 

Table 121.—Average Digestibility of Foods When Used in a Mixed Diet, 

after Atwater 

Food Proteins, 
per cent 

Fat, 
per cent 

Carbohydrate, 
per cent 

Animal foods. 97 95 98 
Cereals and breadstuffs.... 85 90 98 
Dried legumes. 78 90 97 
Vegetables. 83 90 95 
Fruits. 85 90 90 

Total food of average mixed diet 92 95 98 

As the foregoing table shows, animal foods are more completely 
utilized than vegetables. 

Milk in the Nutrition of Infants.—Mother’s milk is the best food for 

infants during the first few months of life. Its chemical and physical 

pioperties are such that infants usually thrive on it better than on milk 

of any other species. Breast milk is delivered at the proper temperature 

and in a sterile condition. However, because many mothers cannot 

nurse their infants, milk from another source must be provided. In the 

United States, cow’s milk is usually used for infant feeding. Because it 

differs in composition from human milk, it must be modified or changed 

more nearly to approach breast milk. Table 3, page 9, lists the average 

compos,t,on of cow’s milk and human milk. The striking differences are 

n the lactose and protein contents. Human milk is higher in lactose and 

lower in protein than cow’s milk. When the milk is being modified for 

“rts ar 1 - - -:: 
~hui: 
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Mixed milk secured from several cows is better for infant feeding, 

being more uniform in composition from day to day than milk taken from 

one cow. Such milk should be of the best sanitary quality and may be 

either raw or pasteurized. In preparation of the formula, the milk is 

boiled for at least 3 minutes so that it will be nearly sterile and will form 

a softer curd in the infant’s stomach. Evaporated milk, if more con¬ 

venient, may be used in place of fluid milk. 

The modification of milk for infant feeding should, if possible, be done 

under the supervision of a physician or, better still, a pediatrician. 

When—as often—it is difficult to secure a modified milk formula to suit 

the infant, the doctor’s advice is especially needed. 

As was mentioned in connection with vitamin C, orange or tomato 

juice is given to ensure adequate amounts of this vitamin. 

Milk in the Nutrition of Children.—Infants are usually weaned in the 

eighth or ninth month. By this time, they are accustomed to fruit 

juices (orange and tomato) and to cereals and eggs. Milk, however, is 

still the foundation of their diet; nutritionists recommend at least 1 quart 

a day for each child. This amount supplies about 1 gram of calcium, 

with adequate vitamins A and G and with the complete milk proteins. 

The milk also supplies about 670 calories, or one-half to one-third of thcii 

caloric requirements. Fruits and vegetables should be given to supply 

vitamin C and iron. Cereals will add calories and vitamin B together 

with proteins, supplemented by the milk proteins that supply the essen¬ 

tial amino acids lysine, tryptophane, cystine, and methionine, t od- 

liver oil is used, when necessary, to supplement the vitamin D from e 

dairy products, eggs, and irradiation of the skin. . , nQ 
Milk in the Nutrition of Adults. Milk is no longci consic eie . 

exclusively the food of children. As shown by research m adult nutri¬ 

tion the constituents of milk, particularly calcium and vitamins A, t 

aiulG are essential for buoyant health; of these, with the exception of 

vitamin C milk is the best source. Nutritionists have long regarded 

pinTa'day 7s the minimum for adults. To judge from the-cent 

more than this amount is desirable for optimum nutrition. No other 

combination of foods will give enough calcium and vitamins Aan- 

in a form likely to be consumed byhuman bong'. Tegetables__should be 

consumed in sufficient quantities to ensure caloric 

minerals. The carbohydrates and fats sho^.b”dto gain or 
value. When it is necessary to cons.der w g ^ ^ foods 

— 
the weight change desired. 
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Economy of Milk in Nutrition—When a comparison is made with the 

actual food constituents of a diet, milk proves to be one of the cheapest 

foods. A food or food group may be considered a cheap source of any 

nutrient if it demands no larger share of the money allotted to food than 

the proportion it contributes to the total supply. On this basis, Stiebel- 

ing10 has calculated the relation between the percentage of the food money 

allocated for the food groups in a diet used by wage earners in North 

Atlantic states to the percentage of food constituents contributed by each 

food group. The following table presents the calculations: 

Table 122.—Average Distribution of Expenditures among and Percentage of 

Nutritive Values Secured from Specified Groups of Food 

(Families Spending $2.38 to $3.00 Weekly per Food-cost Unit)10 

Food group 

Eggs. 

Milk, cheese, ice cream. . 

Butter, cream. 

Other fats. 

Meats, poultry, fish. 

Sugar and sweets. 

Bread and other baked 

goods. 

Ready-to-eat cereals. 

Flour and other cereals. . 

Potatoes, sweet potatoes 

Dried legumes, nuts. 

T omatoes. 

Citrus fruits. 

Leafy, green, yellow vege¬ 

tables. 

Other vegetables. 

Other fruits. 

Miscellaneous items. 

Total. 

Percent¬ 

age of 

food 

money 

allo¬ 

cated 

4.9C 
12.14 
7.57 
2.96 

25.51 
4.21 

13.80 
0.53 
3.28 
1.47 
1.82 

1.49 
3.15 

3.89 

3.43 
3.88 
5.91 

100.00 

Percentage furnished 

Calo¬ 

ries 

1.69 
9.79 
9.32 
7.82 

12.91 
12.37 

19.93 
0.69 
9.63 
5.82 
2.90 
0.34 
1.05 

0.82 
1.04 
2.77 
1.11 

100.00 

Pro¬ 

tein 

4.88 
15.96 
0.42 

0.51 
36.17 
0.15 

16.90 

0.74 
9.62 
4.37 
5.26 
0.38 
0.51 

1.42 
1.00 

0.69 
1.02 

100.00 

Cal- 

2.73 
60.67 

1.44 
0.10 

2.73 
2.09 

9.32 

0.44 
2.27 
3.38 
3.41 

0.47 
3.00 

3.38 
2.79 
1.42 
0.35 

100.00 

Phos¬ 

phorus 

4.07 
26.40 

0.77 

0.68 
24.58 
0.34 

11.70 

2.43 
7.00 

7.80 
6.75 
0.61 

0.88 

2.26 
1.73 
1.54 
0.46 

100.00 

Iron 

6.33 
6.06 

0.52 
0.73 

31.83 
2.59 

11.28 
1.53 
6.31 

11.41 

8.70 
0.64 
1.84 

3.72 

2.08 
4.14 
0.29 

100.00 

Vita¬ 

min A 

6.04 

13.90 
16.00 

0.84 

7.14 

2.83 
0.02 

0.64 
2.60 
0.22 
9.52 

0.56 

33.70 

1.28 
4.63 
0.07 

100.00 

Vita¬ 

min B 

2.83 
12.42 

0.16 
0.01 

37.42 

4.67 
1.04 
2.40 

13.41 

8.67 
1.99 

5.27 

4.16 
1.57 
3.75 

0.23 

100.00 

Vita¬ 

min C 

5.28 

0.67 

0.52 

0.11 

22.83 

7.82 

29.56 

12.76 
8.12 

12.33 
* 

100.00 

Vita¬ 

min C 

34.23 

0.43 
1.06 

32.32 

5.11 

0.46 
0.12 

7.18 
0.80 

0.60 

3.30 

3.69 

1.23 
3.80 

0.38 

100.00 

* Less than 0.01 per cent. 

As shown by the table, milk, cheese, and ice cream contribute more 

than their proportionate share of protein, calcium, phosphorus, and vita- 

nuns A, C, and G. No other food group listed supplied so many impor¬ 
tant food constituents so chcaplv. 

The relation between human requirements for certain important 

nu nents and the extent to which these nutrients are supplied by 1 quart 
of milk are shown in Table 123. 1 
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Table 123.—Summary of the Relation between Human Requirements for 

Certain Important Nutrients and the Extent to Which These Nutrients 

Are Supplied by 1 Qt. of Milk11 

Nutritional 

factor 

Average daily 

requirement 

for a 154-lb. 

adult 

Amount in 1 qt. 

of milk 

Approximate portion 

of the daily require¬ 

ment supplied by 1 

qt. of whole milk 

Protein. 70 g. 31 g. X 
Calories. 3,000 cal. 

0.68 g. 

665 cal. X 
Calcium. 1.15 g. 2 

Phosphorus. 1.32 g. 

15 mg. 

0.9 g. % 

T ron . 0.2-0.5 mg. Xo 

Vitamin A. 3,000-6,000 

I.U.* 

250-300 I.U.* 

900-1,800 I.U.* X 

T'hinmin . 60 I.U.* (raw milk) X 1 

4sonrV>io, acid . 500 I.U.* 520 I.U.* (raw milk) 1 i 

Vitamin H. 400 I.U.* (for 40 I.U.* (summer Xo 

XTico+inic a.cid. 

children) 

10-15 mg. 

milk) 

Roughly 4-12 mg. X 

Riboflavin. 1-2 mg. 2-2.5 mg. 1 

* International units. 

■)■ Vitamin C. See p. 536. 

Nutritive Value of Pasteurized Milk.—The only effect of pasteuriza¬ 

tion upon the nutritive properties of milk is the partial destruction of 

vitamin C and a slight reduction in vitamin B potency. As Rupp has 

shown, low-temperature pasteurization (148*F.) does not apprec,ably 

affect the soluble calcium and phosphorus compounds of im ■ 
was confirmed by Magee and Harvey13 and by Bell. The latter 

investigator observed measurable losses of soluble calcium and phosphorus 

compounds only at temperatures of 170T. or above. The calcium and 
nhosohorus however, are still available for nutritional purposes. . 
mint not c^aglted’at 145°F; but, at 150°F. Bupp13 found 5.75 per cent 

“Thfrelative nutritional values of raw and pasteurized mdk have been 

investigated in many laboratories since 

milk. In the first “ its quality 
eluded that pasteurization dM not■ been confirmed many 

or lessen ,' the United States as well as in England 
times.a’lb competent wuiivc frnm thp same source are 
at present agree that raw and pas eunze in vitamins C and B. 

equivalent in nutritive value exceP in sllfRcient amounts; hence, 

Raw milk cannot supp y ese vi consumed, fruits and vegetables 
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Education for Increased Milk Consumption.—Because milk is an 

excellent food, its merits as the “most nearly perfect food” should be 

explained to the public. Physicians, dentists, educators, and public- 

health officials agree that milk and its products are the foundation of an 

adequate dietary. These groups will usually cooperate willingly in a 

program to further the dissemination of this knowledge. 

The National Dairy Council and the state dairy councils were organ¬ 

ized primarily to publicize the desirability of using more milk and dairy 

products. These organizations spread this information by (1) demon¬ 

stration lectures in the public schools, (2) newspaper and billboard 

advertising, (3) radio programs, and (4) display and printed material to 

be distributed by the dairy industry. The milk distributor will benefit 

by using the facilities of the National Dairy Council in his program to 

inform his community of the value of milk as a food. 

At present, about 20 per cent of the food dollar is spent for milk and 

dairy products. Nutritionists state that for optimum and economical 

nutrition the amount should be at least 40 per cent. The milk distributor 

is therefore contributing to public welfare when he participates in a pro¬ 

gram to increase the consumption of milk and dairy products. 
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CHAPTER XXV 

THE MILK-PLANT LABORATORY AND ITS OPERATION 

A laboratory is necessary in the modern milk plant for making the 

chemical and bacteriological determinations that control the quality of 

supplies and products and also for maintaining technical control of 

processing. It may be a show place, featured in advertising the business, 

or an unpretentious room used only for technical control. In either case, 

however, it should be adequately equipped and should be supervised by 

a trained operator. 

Location of the Laboratory.—The laboratory will be located somewhat 

according to its purpose. If featured in advertising and shown to 

VjUiCU. w / 
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When both bacteriological and chemical methods are used, at least two 

rooms are desirable. The International Association of Milk Dealers 

recommends the floor plan in Fig. 157 as the minimum requirements for a 

milk-control laboratory.1 

When constructing a new plant or remodeling an older one to provide 

for a laboratory, one should make sure that there will be sufficient space; 

an undersized laboratory hampers the operator and does not provide for 

expansion. 

EQUIPMENT FOR THE LABORATORY 

Chemical Laboratory.—The determination of the fat content of milk 

and milk products is the most important chemical test run in the control 

laboratory. The Babcock method is usually employed. The special 

equipment for this test are a centrifuge, a water bath, and glassware. 

Where steam is available, a steam-driven centrifuge.is preferable to one 

driven by an electric motor, for with steam it is easier to maintain the 

proper temperature in the centrifuge bowl. 
The laboratory should be equipped with a chemical balance and an 

assortment of the burettes, pipettes, beakers, flasks, and funnels used 

in preparing and standardizing the reagents and in general chemical 

WOrk. A hot plate and Bunsen gas burner are convenient. 

Equipment should also be provided for measuring the viscosity and 

whipping property of cream, ascertaining the specific gravity of milk, 

and testing for sediment. . ,, 
Bacteriological Laboratory.—The plate and direct counts of the 

bacteria in milk are the most important bacteriological tests made in the 

control laboratory. The methylene blue or reductase test, the resazunn 

test, and several other special bacteriological tests are occasionally 

Arm orl 

positions to place new 
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calibrated with a specified field diameter; 0.205 millimeters is most usually 

satisfactory. 
If the cold rooms in the plant are not sufficiently near the laboratory, 

it is convenient to install a refrigerator for storing sterilized culture media 

and the milk samples to be tested. 

Inc.) 

CHEMICAL TESTS OF MILK 

Fat. lhe fat test is the most important chemical work of the milk- 

plant laboratory. Upon it is based the cost of the milk and cream pur¬ 

chased. The products sold are standardized to a definite fat percentage 

as determined by this test. As a bank balances its books each day in 

terms of dollars, the milk-plant operator should balance his books daily 

in terms of pounds of milk fat. Thus the fat test is used to check the 
efficiency of processing in terms of fat losses. 

Babcock Test.—In the United States the Babcock test is generally 

sed for determinmg the fat content of milk. When milk is purchased 

on this basis, the supervision of the test (including the precautions in 

taking samples, the accuracy of the glassware, and the tester’s knowledge 

ZZSIZSZ ”• “ 

Cp“ thC t0,erances PCrmittcd ™ -curacy of SKJ 
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In the Babcock test, strong sulphuric acid dissolves the solids-not- 

fat and produces heat that aids in coalescing the fat globules; and a 

centrifuge is used to separate the fat completely from the acid mixture, 

which has a higher specific gravity. A special bottle with a calibrated 

neck permits direct reading of the fat percentage. One may determine 

the fat in milk, cream, skim milk, and other products by modifying the 

type of bottle and the amount of acid. The preparation of the acid is 

described on page 578. The speed of the centrifuge depends on the 

diameter of the socket carriers, as measured when the sockets are in a 

horizontal position. The correct speeds for testers of various diameters 

are given below.3 

Diameter of Socket Carrier, In. 

14... 

16. 

18. 

20. 
21. 
22. 
24... 

Revolutions per Min. 

of Socket Carrier 

. 875-925 

. 825-875 

. 775-825 

. 725-775 

. 710-760 

. 700-650 

. 675-725 

Testing Milk for Fat.—The sample of milk to be tested should be 

prepared by warming to 60 to 70°F. and pouring three or four times from 

one container into another. The milk should then be immediately 

transferred to 8 per cent test bottles (Fig. 159B) by means of a 17.6- 

milliliter pipette (Fig. 159D). The pipette should be inserted within the 

bottle neck, and the milk allowed to run into the bulb of the bottle, the 

final drop being removed by blowing into the pipette. 
Sulphuric acid (17.5 milliliters) between 60 to 70°F. is then added to 

the milk the milk-test bottles being tipped slightly and rotated as the 

acid is poured from the acid measure (Fig. 159C) in order to wash down 

traces of milk adhering to the bottle neck. The acid and milk are mixet 

bv a smooth, rotary motion until the color is uniform throughout. 

‘ The bottles are then so placed in the centrifuge that the socket earner 

is balanced They arc whirled in the centrifuge for 5 minutes at the 

prober speed after which sufficient hot distilled or soft water at 130 to 

140“F is added to bring the liquid level to the 0 mark in the bottle neck. 

in the bath until read—in no case c ss n viderg 0ne point of 
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point at the top of the upper curved surface. Then, with no change m 

the spread of the dividers, one point is placed on the 0 mark of gradua¬ 

tions. The other point then indicates the percentage of fat in the milk, 

and the reading should be recorded immediately. The fat column at the 

time of reading should be translucent golden yellow or amber, free from 

visible suspended particles. Fat tests should preferably be made in 

duplicate. Duplicates should agree within 0.1 per cent. 

tcstF“„ttir87pi“e(cTat?d“neasu1e ?7:rmi!,T,,C3t *»**'«• 05 <*•* <*> milk 

Cause of Imperfect Tests.-Dark-colored fat columns containing 

. k specks may be caused (1) by too strong acid, (2) by too much acid 

(3) by too high a temperature of cither the milk or the acid before they 

o) sgjys'a* *“'• «»w —i b, 
..«•» “»»--w “a ” 
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Bubbles appearing in the fat column are caused by using hard water 

to fill the bottles between the centrifuging periods. 

Testing Fat in Cream.—When the fat in cream is to be determined by 

the Babcock method, modifications are made because of the lower solids- 

not-fat content and the greater viscosity of cream and also because 

cream varies greatly in specific gravity as the fat content varies. 

Z~-: 

Fig 160 —The correct position of the hands and dividers in measuring the fat■column 
of cream tests. Note the glymol above the upper point of the dividers Glymol is not 

used in reading milk tests and the upper point of the dividers is placed at t 

upper curved surface, or meniscus. 

The sample is prepared by warming it to 90 to 110 F. m ouler 

facilitate mixing and pipetting. The warmed sample is then mix 

thoroughly by pouring from one container to another three or four Umes. 

Then the test bottles are placed on a cream scale and ba «n« J 

tare weight. Next, the weight (9 or 18 grams according to the t 

bottle used) is placed on one pan, and cream is introduced into the test 

ta.ll, on.l lb, rithncs ,1 U» «-»• »,.l ta » » 
reimired for an 18-grain change; the amount of aci • 
wbh increased fat percentage because there are less sohds-not-fat to 
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dissolved and less moisture to weaken the acid. Because the fat content 

of the sample cannot be foretold, the operator must learn to add enough 

acid to give a coffee-brown color after mixing the acid and cream. 

The bottles are whirled in the centrifuge as described for testing milk. 

The tests are read in the same way except that just before the reading a 

few drops of glymol (page 578) are allowed to run down the neck of the 

test bottle and to rest on top of the fat column. The glymol-fat interface 

is flat, and the column is read by placing one point of the dividers at the 

extreme end of the column and the other at the bottom of the glymol 

(Fig. 160). 

Testing Skim Milk for Fat.—In testing skim milk for fat by the 

Babcock method a special bottle is used (Fig. 159A). An 18-gram 

17.6-milliliters change is used, as in testing whole milk; but because there 

are more solids-not-fat, slightly more acid is required. The skim-milk 

test bottle may also be used for testing buttermilk and whey. Less acid 
is required in testing whey. 

Babcock Test of Homogenized Milk.—The regular Babcock test gives 

slightly low readings with homogenized milk. The following modifica¬ 

tion, however, will give results that should not be more than 0.1 per cent 

below the test of the same milk unhomogenized. 

1. Use of 16.0 to 16.5 milliliters of acid rather than 17.5 milliliters. 

2. Add the acid in at least three portions, with considerable rotation 
of the bottles between additions of acid. 

3. Shake the bottles as soon as the water has been added after the 
first and second centrifugings. 

4. Centrifuge as with the standard Babcock test. 

Disposal of Material from Babcock Tests.—Because of the presence 

of sulphuric acid, the contents of the bottles are very corrosive. Special 

precautions must be taken in disposing of this material. It should never 

be emptied in ordinary drains or placed in the soil where animals can 

come in contact with earth saturated with the refuse. If only a few tests 

are run each day, the bottles may be emptied into a glazed porcelain 

ciock and later buried deep in the ground. When many tests are run a 

more satisfactory method is to have an acidproof sink connected by 

heavy lead pipe to a covered pit filled with coarse broken rock This 

employed to (1) dissolve the protein, (2) increase th’ acid 18 
the nonfatty material, and (3) liberate heat wb & 8p,e°lfi(* gravity of 

the fat being thus kept liquid. In this 
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whirled in a centrifuge further to separate the fat from the nonfatty 

solution. The Gerber test differs from the Babcock in several particulars: 

(1) Amyl alcohol is used to prevent charring of the fat and to produce a 

clearer fat column. (2) Water is not added to the test bottles. (3) A 

different type of test bottle, known as a butyrometer, is employed’. 

(4) A special centrifuge is used. The centrifuge, butyrometer, and 

special amyl alcohol for conducting the test may be purchased from the 

Fucoma Company, 216 Water Street, New York City. 

The details of procedure in the Gerber test are as follows: 

1. Place 10 milliliters of sulphuric acid (specific gravity 1.820 to 

1.825) in the butyrometer. 

2. Place the tube in a stand to hold it upright, and add 1 milliliter of 

amyl alcohol. 

3. With a special pipette, measure 11 milliliters of milk into the test 

bottle by allowing it to run slowly down the side of the tube to form a 

distinct layer above the acid and alcohol. 

4. Insert the stopper, and thoroughly mix the contents of the tube 

several times until the curd is dissolved. 

5. Place the tube in the Gerber centrifuge with the stem or neck 

toward the center. 
6. Centrifuge 3 to 4 minutes at 1,000 revolutions per minute. 

7. Remove the bottles from the centrifuge, and place them in a hot- 

water bath at 140°F. (or other temperature engraved on the butyrometer) 

for a few minutes until the fat column has attained the tempeiatuie of 

the water bath. 
8. Remove the tube from the water bath, and raise or lower the cork 

until the bottom of the fat column is brought to a unit graduation to 

facilitate reading the fat column. 
9. Obtain the fat percentage by subtracting the reading ot the 

lower (flat) meniscus from that of the bottom of the upper (curved) 

Gerber Test for Other Dairy Products.—The test may be used for detei- 

mining the fat percentage of skim milk, buttermilk, cream, ice cream, 

butter, and cheese. Special butyrometers and modifications m tic 

procedure are required.4 . , with 
The Roese-Gottlieb Method of Fat Determination.—Milk plants wit 

ice-cream or condensed-milk departments often use, for toting fat. in 

milk the Roese-Gottlieb method, a gravimetric procedure in which the 

fat fa weighed after being extracted from the other milk solids by mean 

of an appropriate solvent. The Mojonnier equipment and modificatio 

o the est are usually followed6 where the Mojonnier tester is availab . 

l“e procedure, however, is too expensive and time-consuming fo, the 

routine testing of milk for fat content. 
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Solids-not-fat.—There are two general methods of determining the 

solids-not-fat content of milk: (1) The determination of the specific 

gravity by either the lactometer or the Westphal balances; and the 

calculation of the solids-not-fat by using certain relationships among 

specific gravity, fat content, and total solids. (2) Direct gravimetric 

determination of total solids by evaporating moisture from a known 

weight of milk. Because the fat can easily be determined by other 

methods, the solids-not-fat may be calculated. 

Lactometer.—The lactometer is a special type of hydrometer so con¬ 

structed and graduated that the lactometer reading is related to the 

specific gravity of milk on the ratio of the milk-water weight of a unit 

volume at a specified temperature. The lactometer is based on the 

principle that a freely floating body displaces a quantity of liquid of the 

same weight as the floating body and that the density of a solution 

depends on its total solids content. In milk the total solids consist of the 

fat and the solids-not-fat. The fat has a specific gravity of about 0.93, 

and the solids-not-fat have an average specific gravity of about 1.5. 

The specific gravity of a particular sample of milk depends, therefore, 

upon the relation between t he fat and solids-not-fat contents. Empirical 

equations derived to express this relation are used in calculating the total 

solids and solids-not-fat. The equations will be presented after an 

outline of the procedure for determining the specific gravity by the 
lactometer. 

Of the several types of lactometer in use, the most acceptable is 

graduated in Quevenne degrees” with the small division representing 

0.10 degree. If another type of lactometer is used, the observed reading 

must be converted to Quevenne reading in order to use the formulas for 

calculating solids-not-fat. The Board of Health lactometer reading is 

converted into the Quevenne by dividing the Board of Health readme: 
by 0.29. B 

Procedure in Determining the Lactometer Reading of Milk.—The milk 

must be kept cold (40 to 50°F.) at least 1 to 2 hours before being tested 

with the lactometer. It is then placed in cool water, which will slowly 

raise the temperature to 55 to 60°F.-preferably 60°. An hour or longer 
should be taken to raise the temperature. 

The milk is thoroughly mixed by being poured from one container to 

another until a homogeneous mixture is obtained. The containers must 

no materially change its temperature. The milk is then pouredhTa 

cylinder having the same temperature. The diameter of the cylinder 

should be at least 1 inch greater than the largest diameter of t he lactom- 

ei, and the capacity should be sufficient to float the lactometer TV 
cylinder should be filled to such a nnint i /, netei* The 
Placed in the milk the cylinder will overflow lactometer is 
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The lactometer is immediately placed in the milk and pushed down 

to wet the stem. Care should be taken to have it float freely, not near 

the sides of the cylinder. The lactometer should be allowed to stand at 

least 0.5 minute and not more than 2 minutes before the reading. All 

bubbles should be blown from the surface, particularly around the stem. 

Fig. 161.—The lactometer reading 

taken to nearest small division at the 

top of the meniscus is 31.3. In the 
illustration above the instrument is 

turned slightly and does not show the 

full graduation. 

Formulas for Calculating Soli 

rIhe lactometer (Fig. 161) is read to 

the nearest small division on the scale 

at the top of the meniscus on the 

stem, the eye being kept at the same 

level as the meniscus. • 

If the milk is not at exactly 60°F. 

(at which the lactometer is stand¬ 

ardized), the reading must be “cor¬ 

rected” for temperature. If the 

temperature is above 60°F., the lac¬ 

tometer will displace a larger volume 

of liquid than it would at 60°F.; 

hence, for each degree above 60°F. 

a constant must be added to the lac¬ 

tometer reading, and by the same 

reasoning the constant must be sub¬ 

tracted for each degree below 60°F. 

In the Quevenne, the constant is 0.1 

lactometer reading per degree Fah¬ 

renheit. The temperature correction 

for the Board of Health lactometer is 

0.3 lactometer degrees per degree 

Fahrenheit. The corrections apply 

between 50 and 70°F.: 

s-not-fat: 

lactometer reading 
Total solids =1.2 fat - 

lactometer reading 
Solids-not-fat = 0.2 fat 4 

lactometer reading 1 

Specific gravity = 1^000 "r 

(1) 

(2) 

(3) 

The lactometer reading of the formulas refers to degrees Quevenne 

(Fig. 162). 
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With this method the weight of a definite volume of milk is deter¬ 

mined; and because the weight of an equal volume of water is known at the 

same temperature, the specific gravity or ratio of the weights can be 

calculated. To use the specific gravity in calculating the solids-not-fat by 

formula (2), the figures to the right of the decimal point on the balance are 

used, the decimal being placed after the third figure. If, for example, 

Fig. 162. The Westphal balance for determining the^pecificgravitjrof milk 

StC3!7ity 18 1 0321 ^ 6°°F'’thC eqUiValent QueVenne lact°metei 

Use of Specific Gravity to Detect Watering of Milk.—'The sDecifie 

gravity cannot be used as proof of watering milk- but if tb -n 

Gravimetric Determination of Solids-not-fat_T., +i • ’ , 
total solids are determined by rLol ng ?r°CedUre the 
milk. This may be done with a Moinn • ? f E glven weiSht of 

for removing most of the moisture and also *** & Hot pIate 
and al&0 a vacuum oven for the final 
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^ y ^ hen such equipment is not available, a Farrington oven or any 

oven capable of being maintained at 105°C. may be used. With the fat 

test known, the solids-not-fat may be calculated. 
A 

Per cent solids-not-fat = per cent total solids - per cent fat 

Acidity Test.—The acidity of milk, cream, and buttermilk is impor¬ 

tant either in routine testing of products processed or in determining the 

quality of such products when purchased. The acidity test is^ based on 

the fact that an equivalent of an alkali will neutralize an equivalent ot 

acid. An indicator is used to determine when the neutralization is 

completed. In titrating milk, cream, or buttermilk for acid, a known 

weight of the product is titrated with an alkali of known streng 

normally 0.1 normal sodium hydroxide, with phenolphthalein as e 

cator This indicator is colorless in acid and red in alkali solution, 

add 1 calculated as lactic add (page 27). Because the molecular we.ght 
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of lactic acid is 90, 1 milliliter of 0.1 N NaOH will neutralize 0.009 gram of 
lactic acid. 

Per cent lactic 
ml. 0.1 N NaOH X 0.009 1An 
-p-\ X i uu 

grams 01 sample 

In testing dairy products, it is convenient to use a 17.6-milliliter 
pipette or a 9-milliliter pipette. Two or three drops of the indicator are 
then added, and the sodium hydroxide added from a burette until a 
permanent light pink is obtained. The percentage acidity is then equal 
to the number of milliliters alkali divided by 20 if the 17.6-milliliter 
(18-gram) sample is used or divided by 10 if a 9-gram sample is used. 
This modification is known as “Mann’s acidity test” (Fig. 163). 

In testing cream and buttermilk for acidity, a 9-milliliter Babcock 
pipette is more convenient. It is usual to rinse the pipette once with dis¬ 
tilled water and to add the rinsings to the sample to be titrated. As 
Sommer has pointed out, this procedure yields low results. 

BACTERIOLOGICAL EXAMINATION 

Agar Plate Method.—rl he basis of this method of enumerating bacteria 
is that when a single organism (or pair, chain, or clump of organisms) is 
trapped in a solidified nutrient medium, a large population will develop 
and will then be visible. The progeny of one cell or group of cells is called 
a colony; and the results are reported as so many colonies per milliliter 
or per gram, depending on the product examined. Since bacterial growth 
varies with the temperature and time of incubation and with the com¬ 
position of the medium, “Standard Methods for the Examination of 
Dairy Products”6 has been adopted for use in this procedure in order that 
results from different laboratories, obtained by different technicians will 
be comparable. These methods must be strictly adhered to for the 
present standards of milk quality are based on the plate count The cur 
rent edition of “Standard Methods” should be available in the milk-plant 
laboratory. 

fo-— °f Mcdium.—r\'hz composition of standard medium is as 

Ingredients 
Agar. 
Tryptone. 
Beef extract... 
Glucose. 
Skim milk. 
Distilled water.... 

Grams 
15 
5 
3 
1 

10 

1,000 

is ttelpXd to’melf thc^glr • ‘)hil **" ^ “dded *° the water- Heat 
a free flame or by placing the ^ in a^3 



556 THE MARKET-MILK INDUSTRY 

the heating, water should be added to equal that lost by evaporation. 

The skim milk or an equivalent amount of reconstituted spray-process 

skim-milk powder is added before final sterilization. The reaction or pH 

of the medium should then be determined by either the colorimetric or the 

electrometric method. A convenient procedure for the colorimetric 

determination is described in “Standard Methods of Water Analysis.”7 

The pH of the medium described will ordinarily be about 6.6. If the pH 

is in the range 6.4 to 7.0, the reaction should not be adjusted. 

If the medium is not clear and free from sediment, it should be clari¬ 

fied. This may be accomplished by a centrifuge or bv filtering through 

paper filters, cotton, or cheesecloth. A convenient method is to run it 

through a paper filter placed in a Buchner funnel connected with a water 

suction pump. The medium must be hot when filtered, since the agar 

solidifies at 40°C. (104°F.). 
The medium should then be placed in flasks or bottles in 100-milliliter 

quantities and sterilized in the autoclave for 30 minutes at 15 pounds 

pressure. Its pH should be checked again after sterilization, and it 

should then be stored in a refrigerator until used. 

Plating the Milk.—Water-dilution bottles containing 99 and 9 milli¬ 

liters are required for diluting the milk to suitable concentrations foi 

plating. The water blanks must be sterilized in the autoclave for 30 

minutes at 15 pounds pressure. The number of dilutions required will 

depend on the number of bacteria in the milk; and because this count 

cannot be foretold, at least two dilutions should be plated. The techni¬ 

cian soon becomes familiar with the milk supplies and can judge whether 

dilutions should be 1 to 100, 1 to 1,000, or higher. Mudge2 proposes the 

following outline for dilutions: 

Source of sample 
Dilution bottle 

used, ml. 

Resulting 
dilution 

99 1-100 
Unginai inim- . 

9 1-1,000 

99 1-10,000 

9 1-100,000 

1-10,000 dilution. 99 1-1,000,000 

H 
T 
OT 
OOT 

M 

The last column on the right, showing the mark on the petri dish, 

permits a better identification of the plate than does the use of the 
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bacteria all dilution blanks must be shaken similarly before subsequent 

portions are removed. 

After the sample is shaken, the cap should be removed without piercing 

the paper, and 1 milliliter of the milk transferred with a sterile pipette to 

a 99-milliliter water blank. The lip of the water bottle should be flamed 

before and after adding the milk. The cap is then returned, and the 

bottle shaken as described above. One milliliter of the 1 to 100 dilution 

is then transferred with a sterile pipette to a 9-milliliter water blank, and 

so on, until the proper number of dilutions have been made. One milli¬ 

liter of a water dilution of each concentration to be plated is then placed 

in a sterile petri dish. In this procedure the cover of the petri dish is 

opened just sufficiently to discharge the pipette. About 10 milliliters 

of agar at a temperature of 40°C. is then poured upon the milk dilution, 

and the two are mixed with a gentle rotary motion. The mouth of the 

agar flask should be flamed before the agar is poured. The elapsed time 

fiom the first dilution of the original sample to the pouring of the agar 

must not exceed 20 minutes. The agar is then allowed to solidify by 

cooling undisturbed, after which the plates are placed in an inverted 

position. Control plates should be poured to determine the sterility of 

the agar and water blanks. The water-blank control also indicates'the 

sterility of the pipettes, for a pipette is used in plating 1 milliliter of the 
water blank. 

Incubation of Plates.—The plates are incubated at 37°F. for 48 hours. 

If possib'e the plates should be counted at the end of this period, but 

Standar d Methods ' permits a tolerance of plus or minus 3 hours. In an 

emergency the plates may be stored in a refrigerator not to exceed 10°C 

for a period of not longer than 16 hours before being counted. 

e plates should not be stacked too closely in the incubator, for close 

riSTXr “ance °f a Unif0rm re of incubation0 

Counting the Colonies.—After incubation the number of colonies on 

f i?’* f counted- According to experiments, the plates containine 

reportedTin buSer as 
number per milliliter ” Tho ’ ‘ ' a official plate count, 

are discussed in “Standard 
Products.”6 1 the Examination of Milk 

reasonabl^constrniT som'ce of 1 [huffin'atf f°r an artificial and 

-y be homemade or parched tT ^ htsf^ 
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Averaging Bacteria Counts by Control Laboratories.—The large number 

of routine samples that are examined in many city health departments 

makes the use of more than two dilutions per sample impracticable. For 

this reason, it has become general practice to make only two dilutions. 

The dilutions may be 1 to 100 and 1 to 1,000 for milk that usually has a 

low count and 1 to 1,000 to 1 to 10,000 for milk that usually has a high 

count. The following special rules for reporting counts are now being 

used: 

1. When the higher plate count is more than twice the lower, record 

the lower count. 

2. When the higher plate count is not more than twice the lower, count 

all colonies on the plates with 30 to 300; otherwise, use the number nearest 

300. 
3. In case the plate cannot be counted because of a spreader covering 

more than half the surface, the result is to be reported as unsatisfactory 

unless the count of the other plate is within the grade then held by the 

supply in question. 
4. Report counts to the nearest 1,000 unless the count exceeds 100,000, 

in which case report to the nearest 10,000, or unless the count exceeds 

1,000,000, in which case report to the nearest 100,000. 

5. If all plates show no growth, the result should be reported as 

unsatisfactory. 
In grading milk supplies the usual practice is to average the last 

four consecutive counts. The average is determined by the logarithmic 

instead of the arithmetic method. By its use an occasional high count, 

which may occur in any milk supply, has less effect in reducing the score of 

the milk.' If all the counts are high, the logarithmic average approaches 

the arithmetic average. 
For example, consider a case in which the laboratory has reported th 

bacteria counts on the last four samples of milk collected as 10 000, 

10 000, 10,000, and 1,000,000. The one unusually high count may have 

been the result of an accident and would be an unfair cause for degrai mg, 

yet if an arithmetical average is used, the milk supply would be placed in 

Grti Bacteria Counts by Logarithms.-The logarithms of bacteria 

counts from 1 000 to 300,000,000 are given directly in the Appends . y 

efer n eTo tire table the logarithm of any bacteria count can be de er- 

r Tg'aXs is Se“dthc average bacteria count recorded in the 

table opposite the average counts 0f a milk supply may have 

beenToOMToOM*^^65,000. These counts and their logarithms 

may be recorded as follows: 
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Counts Logarithms 
26,000 4.42 
14,000 4.15 
8,000 3.90 

65,000 4.81 

4/17.28 

4.32 = average logarithm 

The bacteria count in the table opposite the average logarithm of 

4.32 is 21,000. This would be the calculated average bacteria count of 

the milk during the period of sampling. 

Rinse and Swab Methods for Determining the Sterility of Dairy 

Equipment and Containers.—In order to determine the effectiveness of 

bactericidal treatment of dairy equipment and containers, the following 

procedures may be used: 

Rinse Method.—This method is used more commonly for small con¬ 

tainers such as milk bottles and cans. Sterile water is introduced into the 

containers. They are then shaken in order to bring the water in contact 

with the entire surface. For milk bottles “ Standard Methods for the 

Examination of Dairy Products”6 requires that the bottle be swung 25 

times in a small circle to rinse the bottom thoroughly. It is then held in 

a horizontal position and shaken vigorously back and forth 25 times in the 

direction of the long axis of the bottle for a distance of about 8 inches and 

at the same time rotated slightly at the end of each stroke in order to make 

8 complete rotations in the course of the shakings. Sterile bottle caps 

must be provided. It is convenient to sterilize the caps in petri dishes in 

an autoclave. Ten milliliters of sterilized water is generally used for 

bottles and 100 milliliters for cans. The entire 10 milliliters used to 

rinse the bottles may be plated by dividing the volume among three agar 

plates; or if the count is expected to be high, 1 milliliter or 0.1 milliliter 

may be plated. Quart bottles that develop 1,000 colonies by the above 

procedure are generally considered satisfactory.6 Properly sterilized 

containers, however, will have fewer bacteria than the above standard 
permits. 

“Standard methods”* requires that in the rinse test of milk cans 

they be handled in the following manner: After introducing 100 milliliters 

o sterile water into the can, tightly replace the cover. Then lay the can 

=« car “ 

isr2- - ~ rs 



* 
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The effectiveness of sterilization of sanitary milk pipes may be deter¬ 
mined in the following manner: Place a sterilized rubber stopper in one end 
of a section of pipe. Introduce 100 milliliters of sterilized water, and plug 
the open end with a second sterilized rubber stopper. Rotate the pipe as 
described for milk cans so that the water will come in contact with the 

entire surface of the pipe. Plate an aliquot of the water. 
Swab Method.—Larger equipment such as vats and pasteurizers may be 

sampled by the swab method. The swab may consist of a small wad of 
cotton fastened onto the end of a wooden or metal skewer. The swabs are 
sterilized in the autoclave. It is convenient to place them in large test 
tubes before sterilizing. The cotton end of the swab should be placed in 
the bottom of the tube. The tube may then be closed with a cotton plug. 
In sampling the surface of equipment the sterilized swab is carefully 

removed from the test tube by means of the wooden handle. The swab 
is then dipped into a 100-milliliter sterile water blank and a definite area, 

lor example, 1 square foot, is rubbed with the swab. The swab is then 
rinsed in the water blank to remove the bacteria. An aliquot of the water 

blank is then plated. The plate count may be reported as so many 
colonies per square foot or other area or as the amount of contamination 
the vat would impart to the milk (on the assumption that the surface 

swabbed is representative of the entire surface of the vat).. 
The Direct Microscopic Count.-Three important criticisms have been 

directed at the plate method for the counting of bacteria: (1) Aot all 

bacteria £ able to grow on the medium used. (2) Those which do grow 
take 48 hours to form a recognizable colony. This criticism is especially 

"hen it is important to know the bacterial ^ 
distributing it to the consumer or utilizing it for milk products. W Ihe 

colonies formed on the plates are not always the descendants of a single 

cell. This is one major cause of variation between the plate and the dire 

COU^^e microscopic, or direct, count has been developed^^w^rcomesome 

A’ssst'sfts?.—- - 
milk. The method is often called the Bree^oun^ ^ nurabers of 

Besides its application for dncct y .g(, film ot mjlk can 

bacteria in milk, microscopic oscrva Qf bacteria in the milk 

yield information as o ( ) • P trained operator can, as a rule, 
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observation of a few fields, rather than in the determination of the actual 
number of bacteria per milliliter, which requires counting the bacteria 

in many fields. 
Equipment for the Direct Count. 

1. Microscope. A compound microscope with an oil-immersion lens 
must be used. It must have a mechanical stage for moving the slide. 
Since the field diameter determines the volume of milk observed under 
the miscroscope, the field must be standardized to a definite diameter, 
ordinarily 0.205 millimeter. The volume of milk then in each field is 

/3ooooo milliliter, and the average count per field must be multiplied 
by 300,000 to secure the count per milliliter. When other field diameters 
are used, the multiplying factor is changed; those of 0.178 millimeter, 
0.160 millimeter, and 0.146 millimeter require multiplying factors of 
400,000, 500,000, and 600,000. 

The microscope may be purchased with a specified field diameter. If 
it is necessary to determine the field diameter, a stage micrometer is 
necessary. The eyepiece, objective, and drawtube are selected so that 
0.205 millimeter of the scale on the micrometer just fills the field. This 
condition is usually satisfied when a 5X ocular and an oil-immersion 
objective are used at a drawtube length of 175 millimeters.2 As Mudge 
points out, however, if the drawtube length is altered, the image is dis¬ 
torted. I he desired field size can be obtained by changing the ocular 

diaphragm. Because this is fixed in most microscopes, it is desirable to 
purchase a microscope that the manufacturer has fixed for a definite field 
diameter. 

2. Microscope light. Better results may be obtained with the micro¬ 
scope if a proper light is provided. 

3. Pipettes and, calibrated loops. Special pipettes, calibrated to deliver 
.01 milliliter, may be purchased. These may be made from capillary 
iming, but purchased ones are usually more satisfactory. One pipette is 

sufficient, for it need not be sterilized for different samples; rinsing 
wffh dean warm water after each sample is sufficient. When the 

578)tt^ 18 n0t 111 USG’ lfc Shoukl be kept in a glass-cleaning solution (page 

For accurate work the pipette should be calibrated to deliver 0 01C3 
gram of milk or 0.1395 gram of mercury at 20°C. 

looph Illa-Y he used for measuring approximately 0 01 miili- 

th of °r [apid W0,k When the PurP°se is ,0 secure information ou 
P of bacteria present rather than the total count per milliliter 

may be e=d "dl, ”*7* ^ horoscope thde 

chased \Zt Ztes the 1Toul i ‘ T* Sh°Uk‘ ^ prepared P»* 
which the milk must be snr t '""i *' 01 a ™c*e ot the same over 

must be spread. Special slides are available, however, 
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that have the surfaces ground except for small areas of the proper size for 
receiving the milk samples. 

The ground areas may be used for labeling the different milk samples. 
5. Stains. Two types of stain are satisfactory for staining the milk 

films: (1) Methylene blue stain. Separate fixing and fat solvent jars are 
required. (2) Newman-Lampert stain. This method combines the 
stain, fixing, and fat solvents in one preparation. The first method is 
described in “Standard Methods for the Examination of Dairy Products.”6 

The latter method, simple and well suited for routine examinations of milk 

in the plant laboratory, will be described in detail. 

Preparation ok Newman-Lampert Stain2 

Certified powdered methylene blue. 1.12 g. 

Ethyl alcohol (95 per cent). 54 ml. 

Tetrachlorethane (technical, Eastman Kodak Company)-40 ml. 

Acetic acid, glacial. 6 ml. 

Add the alcohol to the tetrachlorethane in a flask, and bring to a 

temperature not exceeding 70°C. If methyl alcohol is used, the tempera¬ 
ture should not exceed 55°C. Add the warm mixture to the powdered 
methylene blue. Shake vigorously until the dye is completely dissolved; 
then slowly add the glacial acetic acid to the cold dye-solvent solution, 
meanwhile keeping the latter agitated. Filter the entire volume through 
a 15-centimeter filter paper. Keep in a tightly stoppered bottle. The 
purpose of this stain is (1) to fix the film of milk on the glass slide, (2) to 

remove the fat, and (3) to stain the bacteria. 
6 Staining jars. Any widemouthed specimen jar with a glass top 

may be used for holding the stain during the staining of the slides. A 

Coplin jar is convenient. 
Preparation of the Slides for Microscopic Examination. 
1. Draw the milk into the pipette, and wipe the tip of the pipette with 

<l ' 'rVlow^he milk on the slide in the center of the area over which it is 

t0 *8. Spread the milk over an area of 1 square centimeter by means of a 

dean "n That surface-hut not too quickly, because such 

drying cracks the film. The drying should be completed within o m.n- 

utes, to prevent bacterial growth. 

6 Remove0th^^lide ^irrn^diately1 after dipping it into the stain. 

Allow the slide to dry before dipping it 
stain. The drying is impoitant, lor tne sont 

does not mix with water. 
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7. Wash the slide in water to remove the excess stain. 

8. Dry the slide in air. 
Microscopic Examination of the Slides.—The number of fields counted 

depends upon the purposes of the examination. If it is desired to grade 
rapidly the milk being received at the plant, a few fields may be examined. 
An experienced operator can soon learn to identify in this manner milks 
that are below grade. If the object is to get a closer approximation of the 

^"r tor~ presumably Aerobacter acrogenes A. few lnrtip g t0 1 ? colon SrouP and aro 

-be — “-“-a* »xA 

itTn fi MaC*f! *hen 14 is usuaI t0 co"nt bacteria in 
about 30 fields, find the average, and multiply by 300 000 (if the fiold 

diameter , 0 205 mm.) to arrive at the count £* milliliter ^Sttdard 
Methods for the Examination of Dairy Products”s nrespnt« +1 t i, ‘ 
guide as to the number of fields to' be counted K t'""' 
counts when the field diameter is 0.200 millimeter. clifierent 

Range of 
Under 30,000. 

30,000-300,000. 

300,000-3,000,000. 
Over 3,000,000. 

Individual Microscopic Counts 

Number of 

Fields to Be 

Examined 

.... 60 

.... 30 

... . 15 

.... 8 
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Relation between Plate and Breed Counts.—Comparisons reported in the 
literature indicate that the plate counts average about one-fourth of the 
Breed, or direct, count when many samples are examined. 

I se of the Method for Detecting Causes of High-count Milk.—Figures 
164 to 166 illustrate typical high-count milks as observed under the micro¬ 
scope. Figure 164 was prepared from high-count milk heavily contami¬ 
nated with colon-type organisms. Figure 165 was prepared from milk of a 
cow suffering from mastitis. The large number of leucocytes and long- 

Fig. 165.—Microscopic appearance of milk from a cow suffering from streptococcic 

mastitis. In addition to the long-chain streptococci, numerous leucocytes may be seen. 

Magnification 600 X. (Breed, New York State Agr. Expt. Sta. Bui. 566.) 

chain streptococci is typical of such milk. Figure 166 was prepared from 
milk taken from unsterilized and improperly cleaned utensils. Bacteria 
of many types are usually found. The experienced technician can 

identify these causes of high count by preparing smears of the milk. 
Methylene Blue Reduction Test—In situations where the quality 

control of market milk has not progressed to a point where the milk o 
most producers is of low count (say, below 50,000 bacteria per milli l er 

plate count), the methylene blue test has some value in indicating e 

quality of the raw milk purchased. 
When bacteria grow in milk, they utilize the dissolved oxygen This 

decrease in oxygen is regarded as the cause of a shift mthe »*£«>»- 
reduction potential of milk to a more negative value. If a small amoun 
of methylene blue is added to milk, the shift in potential can be visually 
observed :the dye changes from blue to white as the potential becomes 
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more negative. Because the rate of oxygen consumption is related to the 
number of organisms present, the rate of the potential change is a func¬ 
tion of the number of bacteria present, and consequently the rate of 
decolorization of methylene blue indicates approximately the number of 

bacteria present. 
Johns8 has pointed out that, if the test is regarded as purely a measure 

of bacterial numbers, all milks with the same number of organisms should 
show identical reduction times. He lists the following reasons why this is 
rarely the case: 

1. Because oxygen consumption is proportional to protoplasmic mass, 
the larger cells will usually take up oxygen more rapidly than the smaller. 

mnfSnf'1hf, lT haq'?d in poorly cleansed 

ism is found. Magnification 600X. (Breed, A'tTrl^eZ'fxZaZttST' 

* Sh°W - “es and 

thut tszjssssr thrghout the ias >)hase °f ^wth; 
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on a,l specif “::PrinCiP‘e " ^ °f ^ - all mi,ks or 
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ami influence the XtiTtime wh^fev^t^e p“ ■ °Xy*m 
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7. The “sweeping” of varying proportions of bacteria and cells from 

the body of the milk by the rising fat during creaming often results in 

variable and delayed reduction times. Modifications of the test in which 

the tubes are inverted at half-hour (Wilson9) or hour intervals (Johns8) 

reduce the discrepancies due to this factor. “Standard Methods for the 

Examination of Dairy Products,”6 however, has not adopted this 

modification. 

Despite these factors, which tend to cause discrepancies between 

the number of bacteria and the oxygen consumption and hence in the 

reduction time of methylene blue, Johns and Howson10 have found 

good correlation between the methylene blue reduction time and the 

direct-count. 

Operation of the Test.—All glassware and stoppers coming in contact 

with the milk should be sterilized. The rubber stoppers may be boiled 

immediately before use. The methylene blue solution is prepared by 

dissolving one tablet of methylene blue thiocyanate in 200 milliliters ol 

sterile water. The solution should be stored in an amber bottle in the 

dark, and a fresh solution prepared each week. Purchase methylene 

blue tablets certified by the Commission on Standardization of Biological 

Stains. These may be had from any supply house. 

An incubator is required that can maintain a temperature of 

37°C. ±0.5. A water bath is preferred; but if an air incubator is used, 

the samples should be heated to 37°C. before being placed in the incubator. 

The test tubes containing the samples must be protected from light, 

including electric lamps, for light hastens the reduction of the dye. 

Place 1 milliliter of the dye in a test tube containing 10 milliliters of 

milk. The concentration of the dye is then about 1 to 300,000. Stopper 

the tubes, and place them in the water bath. Allow 5 minutes for the 

milk to attain the temperature of the bath, and invert the tubes once. 

mnrlifiAf] tppbninue is followed, invert the tubes at half-hour or hour 
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rigid standards prevail, and for grading manufacturing milk, especially 

for cheese making. 
The Resazurin Test.—Another milk-quality test based on the change 

in color of a dye is the resazurin test. Most of the limitations discussed in 
connection with the methylene blue test also apply to the resazui in. 
Ramsdell, Johnson, and Evans11 claim two advantages for this test over 
the methylene blue: (1) The reduction time is shorter. (2) Resazurin is 

more sensitive to the reducing influences of abnormal milk. 
It has been customary to read the tests after 1 hour of incubation. 

When used in this manner, the test was found by Prayer12 to correlate 
poorly with the methylene blue test and to have little correlation with 
the plate count. According to Prayer the test correlated fairly well with 
the cell count of near aseptically drawn milk. 

Moldavan13 has used the 1-hour incubation in grading raw milk. 
Dividing the milk into five classes on the basis of colors observed, he 
found that the classes checked with a keeping-quality test in which the 
samples were graded for taste and smell after incubation at 70°F. for 
16 hours. 

Color of Resazurin-test Sample Quality of Milk 

1. Blue (no color change). Excellent 

2. Pronounced mauve to mauve. Good 

3. Light mauve to pronounced pink. Fair 

4. Pink to light pink. Poor 

5. White. Very poor 

Johns and Howson10 in a more recent study have found that the 
resazurin test correlates well with the methylene blue test if one con¬ 
tinues the incubation period to the_pink stage instead of recording the 
diffeient colors found at the end of a 1-hour incubation period. The ratio 
of reduction times of the two dyes was 3:4. The end point of the resazu¬ 
rin test was taken as the time to change to a full pink color; that for 

methylene blue, the time required to decolorize at least 90 per cent of the 
column of milk. The resazurin test showed a little better correlation wit h 
the Breed count than did the methylene blue. Johns and Howson regard 

m test, when thus used, to be at least as accurate as the methylene blue 
test as an index to the bacterial content of the milk at the time the test is 
begun. Resazurin was found to be more useful than methylene blue in 
detecting large numbers of reducing organisms. 

Conducting the Test—Sterilized glassware and rubber stoppers are 

water bathT'^ ^ m6thy,l(!,le blue <**• A 37°C. incubator or 
water bath u. a.so necessary; and because the dye is sensitive to light 
the same precautions as in the methylene blue test must be observed ’ 

10 Slit r omf test‘tube^' T " "*>*>» * * a test tube. (Some operators prefer 1 milliliter of 
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a 0.005 per cent solution.) Stopper the tube, and invert to mix the dye 
with the milk. Incubate at 37°C., and observe the color changes with 
time. Johns and Howson10 found it advisable to invert the tubes at 
intervals. The color changes of the dye in milk are 14 

Blue —»lavender —> pink —•> colorless 

MISCELLANEOUS TESTS 

The Phosphatase Test.—Public Health officials have long sought a 
reliable test for determining the proper pasteurization of dairy products. 
Many tests proposed in the past were based on the effect of heat on the 
cellular, physical, or chemical properties of milk.15 The proposed tests, 
were not, however, sensitive enough to detect variations in the pasteuriza¬ 
tion procedures when either the low-temperature holding or the short- 
time high-temperature methods of pasteurization were used. 

The inactivation of different enzymes have also been used to detect 
heated milk. For detecting insufficient pasteurization, Leahy16 proposed 
a method based on the extent of the inactivation of the enzyme amylase. 
Gilcrease and Davis17 found this method unreliable for this purpose. Kay 
and Graham,18 investigating the inactivation of the enzyme phosphatase 
by heat, found that the degree of inactivation could be used to detect 
insufficient pasteurization. They devised a method for measuring the 
activity of the enzyme in milk; this procedure as modified by them and 
by other workers is known as the phosphatase test. Briefly, the test is 

performed as follows: 
1. A little milk is added to a large excess of a substrate containing a 

phenyl-phosphoric ester. The substrate is buffered to a definite pH, 

for this factor is important in the activity of an enzyme. 
2 The milk-and-substrate mixture is incubated at a definite tempera- 

ture for a definite time. During incubation, the enzyme splits (hydro¬ 

lyzes) the phenyl-phosphoric ester and liberates phenol. 
' 3 The reaction is then stopped by destroying the enzyme by boiling. 

V reagent is next added that causes a blue color to develop with phenol. 
4 The amount of blue color is a measure of the amount ol plieno 

liberated and therefore of the activity of the enzyme The amount of 
phenol is determined by comparing the test solution with color stands s. 
The various modifications of the test express the results in different units, 
2 mosTcommon unit now used in the United States being the milligram 

°f adopted a value of 0.04 milligram 

of pLtl per one-half mi.li.her "Sa“ 

srirssr crv-  .—- 
standard of 143°F. for 30 minutes as follows. 
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1. 1°F. 
2. 5 minutes short in the holding time 

3. 0.1 per cent raw milk added to properly pasteurized milk 

Tracy and Hahn19 found that samples could be preserved with bichlo¬ 

ride of mercury without affecting the phosphatase test. 
Because the test is now being studied in several laboratories in order to 

increase its accuracy and to reduce the human element in the reading, a 
detailed laboratory test is not reported. At the time of printing (1941), 
the generally accepted test is the tentative official method. 1 his method 
will doubtless be later replaced by a permanent official method, which will 
be published in a revised edition of “Standard Methods for the Examina¬ 
tion of Dairy Products.”6 Those wishing to apply the test should ascer¬ 
tain its status by referring to the most recent reports in the Journal of the 

Association of Official Agricultural Chemists. The field test referred to 
below may be used to indicate gross errors in pasteurization, but not to 
detect slight underpasteurization. 

Sharer Field Test.—Sharer-0 modified his laboratory test so that it 
could be applied to conditions in the field. When used as a test for major 
errors in pasteurization, the method has a definite place in field inspection. 
As stated above, the more precise laboratory methods must be used to 
detect slight underpasteurization. 

Compact field kits containing all the reagents and glassware for making 
the test are procurable from supply houses for about $10. 

Operation of the test: 

1. Add 0.5 milliliter of milk to 5 milliliters of the buffered substrate 
contained in a test tube. 

2. Stoppei the tube with a pure gum-rubber stopper, anti shake 
well. 

3. Incubate for 10 minutes in a water bath at approximately 100°F. 
or for 15 to 20 minutes in the vest pocket. 

4. Stop the incubation, add 6 drops of the BQC solution, and imme¬ 
diately shake well. 

5. 1 he appearance of any blue color indicates improper pasteurization. 
,, , TJie■ sensitivity of the test is increased by extracting the indophenol 
(blue) formed with neutral n-butyl alcohol. Shake 2 milliliters of the 
alcohol with the test after step 4 above in such a manner that an emulsion 

is not formed. 1 he alcohol containing the blue compound will rise to the 
sur ace, and its color should then be compared with the color standards 

oger reports amyl alcohol to be more satisfactory for high-colored milks 
because less yedow is extracted by the alcohol. He also recommends a 
30-minute incubation period. b a 

Sharer15 used his laboratory test in New York City to identify under 
pasteurized rmlkand cream. The field test was then applied at the source' 
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or milk plant, of the samples identified as underpasteurized. He classified 
the causes of underpasteurization as follows: 

Unintentional causes. 

1. Poor or inadequate equipment 

2. Careless use of good equipment 

3. Failure to check operating conditions of the apparatus 

4. Failure to check plant thermometers against a Bureau of Standards ther¬ 

mometer 

5. Failure to eliminate excessive foaming 

6. Fluctuations in temperature due to manual control 

Intentional causes. 

1. Deliberate dropping of temperature to 140°F. or lower in order to produce an 

apparently increased “cream line” 

2. Nonoperation of the agitators for the above reason 

3. Cutting down on the holding interval so as to fill the plant flow-sheet require¬ 

ments during a temporary breakdown of part of the equipment 

4. Laxity in operating conditions on the last run of milk 

5. Deliberate omission of the holding period 

6. Addition of raw milk to pasteurized milk in order to fill a quota, or standardiza¬ 

tion of cream with raw milk 

7. Uncontrolled foaming 

Variations of Phosphatase in Milk— The phosphatase test depends 

upon the constant occurrence of phosphatase in raw milk. Burgwald-2 
has summarized the literature in relation to the facts about the enzyme 

that are important in the operation of the phosphatase test. According 
to him, all raw milk contains the enzyme, but at least two conditions 
cause variations in the phosphatase content of the milk of individual 
cows. Whereas the milk of cows in the early stages of lactation is low 

in phosphatase, the milk from abnormal udders is usually high. Mixed 
herd milk is likely to be fairly constant in phosphatase. He further 
reports that the enzyme is associated with the fat, probably adsorbed to 

the fat globules in such a way that the greater part is removed in t le 
buttermilk. The association of the enzyme with the fat requires that 

+i-i/~» Ko wf>11 mivpd with the milk befoie testing. 

phatase test can 

process. 
pathogenic bacteria, including Mycobacterium tuberculosis, 
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pasteurization as determined by the phosphatase test will be free from 

viable pathogenic bacteria and may be considered safe from the stand¬ 

point of public health. Short-time high-temperature pasteurization 

(160.5°F. for 15 seconds) yields milk that shows proper pasteurization by 

the phosphatase test and that therefore must be considered free from 

pathogenic bacteria. 
The phosphatase test in modified form has been applied to dairy 

products other than milk—for example, to butter and ice cream. 

Testing the Strength of Chlorine Solutions.—When chlorine is used as 

a sterilizing agent, the amount of available chlorine should be determined 

at frequent intervals in order that solutions of proper strength may be 

used. Two methods are commonly used for testing chlorine solutions: 

(1) the sodium thiosulphate titration and (2) a colorimetric method in 

which the dye orthotolidine is used. The first method is the more 

accurate. The colorimetric method, however, may be used to deter¬ 

mine the approximate strength of chlorine solutions and is usually 

accurate enough for the routine checking of chlorine solutions in the 

milk- pi an t 1 aboratory. 

1. The Titration Method.—The test is based on the titration of iodine 

liberated when an acidified potassium iodide solution is added to the 

chlorine solution. 

21- + OC1- 

I2 + 2S203= 

+ 2H+ -* I2 + Cl- 

-> 21- + s4o<r 
+ H20 (1) 

(2) 

The test is performed as follows: 

1. Measure 50 milliliters of the chlorine solution into a 250-milliliters 
Erlenmeyer flask. 

2. Add about 1 gram of potassium iodide and 10 milliliters of glacial 
acetic acid. 

3. Titrate the iodine liberated with 0.1 N sodium thiosulphate 

(Na2S203). Add the thiosulphate until most of the iodine has been 

1 educed that is, until the solution is only slightly yellow. 

4. Add 2 milliliters of a 2 per cent soluble starch solution. Continue 

disappears°n ^ °f ^ starch"iodine compound just 

5 It is customary to multiply the milliliters of thiosulphate deter¬ 

mined m step (3) by 0.00709 and by 70.9 to convert available chlorine 

factom are hf T* T* m,ll,°n’ resPective|y-‘ The conversion 
„ I . . . f. ed on the assumption that 1 milliliter of a 0.1 AT thio¬ 

sulphate solution is equivalent to 0.003546 gram of chlorine; that is 

atom of chlorine is equivalent to 1 molecule of thiosulphate 

is equivalent ! Ivdf W *'T i"'^ ‘ at°m °f chlorine <“ hypochlorite) 
1 t0 half a molecule of thiosulphate. Consequently, data 
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secured on the basis of a 1:1 relation indicate twice as much chlorine 

as was actually present. Nevertheless, standards established for the 
use of chlorine solutions were based on the factor 0.003540 gram of chlorine 
per milliliter of 0.1 N thiosulphate and this value should be used in 
routine testing. 

The correct factor, 0.001773 gram of chlorine per milliliter of 0.1 N 

thiosulphate, should be used when it is desired to determine the exact 
amount of chlorine (as hypochlorite). The conversion factors for the 
titration of a 50-milliliter aliquot of hypochlorite solution then become 

0.003546 and 35.46. The values obtained when these factors are used will 
check with those obtained with the arsenite titration recommended by 
“Standard Methods for the Examination of Dairy Products:”6 

As03" + OC1- -> AsOr + ci- 

To determine the available chlorine in solid compounds, prepare suit¬ 
able solutions of the preparation so that the titration will require less 
than 50 milliliters of thiosulphate. The percentage available chlorine 

may be calculated as follows: 

ml. 0.1 A thiosulphate X 0.001773* ^ total volume 
Weight of sample aliquot 

Modifications of the Titration Method. 

1. Fay23 describes a simplified sodium thiosulphate procedure that 
may be used to determine the approximate chlorine content in parts per 
million. This method is suitable for use on the farm or in the plant where 

laboratory facilities are limited. 
2. Nafis24 has developed a so-called “automatic” chlorine test. The 

equipment and prepared reagents for this test may be purchased from 

supply houses. 
2. The Colorimetric Method.—This method is based on the use of the 

color reagent orthotolidine. When this dye is oxidized by chlorine in the 
presence of HC1, a yellow color is produced in the solution. In dilute 
chlorine solutions, the color produced is approximately proportional to 
the amount of chlorine present. The color developed is compared with a 

set of color standards, and the amount of chlorine in parts per million can 

then be estimated. . t 
A number of proprietary methods for the colorimetric determination ot 

chlorine by the orthotolidine procedure are available. The manufac 

turer’s directions must be followed in applying the tests. 
Testing the Strength of Caustic Washing and Sterilizing Solutions.- 

The active sterilizing agent in bottle-washer soaker-tank solutions is 

caustic (NaOH). It is important, therefore, to determine at fiequen 

* Use factor 0.003546 when evaluating sterilizing solutions. 



THE MILK-PLANT LABORATORY AND ITS OPERATION 573 

intervals the amount of free caustic in the solutions in order that addi¬ 
tional washing powder may be added to maintain the solutions at the 

desired strength. 
Besides caustic, the washing solution usually contains other com¬ 

pounds such as carbonates and phosphates, which are included to give it 

the desired cleansing and rinsing properties. Most washing powders 
contain 60 to 75 per cent of caustic soda. This mixture of compounds 
requires a differential, or double titration, to determine the amount of 

free caustic or sodium hydroxide. 
An aliquot of the washing solution is first titrated with 0.1 N acid, 

phenolphthalein being used as the indicator. This titration determines 
the alkalinity due to the NaOH -f half of the alkalinity due to carbon¬ 
ates or phosphates. The first titration is recorded and called titration 
A. Methyl orange indicator is then added, and the titration continued 
until the solution is acid to this indicator. This is titration B. 

The following reactions occur during the two titrations: 

Titration A : 

Titration B: 

OH- + H+ - -+H20 (1) 
C03= + H+ ■ - HCO3- (2) 
POr + H+ ■ -> HPOr (3) 

s 
HC03- + H+ -i ► co2 + h2o (4) 
HPO“ + H -4 ► H0P04- (5) 

contains only sodium hydroxide, the first reaction 
-nuuuuii a, uncti lutctsuit; UI UH* I I t (3 CaUSllC. 

Details of the Titration:25 

1. Accurately pipette 5 milliliters of the washing solution into a 250- 
millilitei giaduated flask, and make the solution to volume with distilled 
water. 

2. Pipette out 50 milliliters of this solution, and place it in a 250-milli¬ 
liter Erlenmeyer flask. Thus, 1 milliliter of the washing solution is used in 
the titration. 

3. Add a few drops of phenolphthalein indicator (0.5 per cent in 
50 per cent alcohol). 

4. Add 0.1 1V HC1 from a burette until the mixture becomes colorless 
Kecord the milliliter acid as titration A. 

5. Add 2 drops of methyl orange indicator (0.5 per cent in distilled 
water) to the solution. 

6. Continue the titration until the yellow color changes to a slight 

titration B.° am°Unt °f “id rec<uired for thi« second titration as 
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Since the strength of washing solutions is usually reported in percent¬ 
age free caustic (NaOH), the titration values may be used as follows to 
calculate the percentage caustic: 

Titration A - titration B X 0.40 = percentage free caustic as NaOH 

If the total alkali (calculated as NaOH) is desired, the calculation is as 
follows: 

Titration A + titration B X 0.40 = percentage 

total alkali (calculated as NaOH) 

The value 0.40 represents the percentage NaOH (molecular weight 40) 
in 1 milliliter of 0.1 N NaOH. The formula above is valid when 1.0 milli¬ 
liter of washing solution is titrated with 0.1 JV acid. 

Johnson25 has prepared a convenient table for determining the per¬ 
centage NaOH and the pounds NaOH in 100 gallons. The values are 
based on the titration of 1 milliliter of the washing solution with 0.1 iV 

acid. 

Table 125.—Percentage NaOH and Pounds NaOH in 100 Gal. Corresponding 

to Different A-B Titrations 

Titration A-titration B 
in terms of 0.1 N acid 

1 
2 
3 

4 

5 

6 
7 

8 
9 

10 

11 
12 

Percentage 

NaOH 

Lb. NaOH 

in 100 gal. 

0.4 3.34 

0.8 6.68 

1.2 10.01 

1.6 13.35 

2.0 16.69 

2.4 20.03 

2.8 23.37 

3.2 26.70 

3.6 30.04 

4.0 33.38 

4.4 36.72 

4.8 40.06 

From the data in the table, one can calculate how much NaOH must 

be added to a solution to bring the free caustic up to a desired figure. 
If for example, the A-B titration is 6, the solution contains 2.4 

per cent NaOH, or 20.03 pounds in 100 gallons; if it is desired to main¬ 
tain 4 per cent NaOH, the table shows that 33.38 - 20.03, oi 13.35, 

nounds must be added per 100 gallons. . , 
Laboratory supply houses furnish commercial kits to use in cletermn - 

ing the caustic content of washing solutions. 
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Testing of Refrigeration Brines—Brines should be tested at frequent 

enough intervals to make certain they have the proper strength and 

alkalinity. . 
Strength of Brine.—The strength of brine is determined by a specific- 

gravity hydrometer, a Baume hydrometer, or a Salometer of proper 
graduation. Tables 69 and 70 show the readings corresponding to differ¬ 

ent strengths of calcium chloride and sodiufn chloride brines. 1 he 
readings of the different instruments for testing the strength of brines are 

made at 60°F. 
Maintaining Brine at the Proper Degree of Alkalinity. Brines may be 

titrated with 0.1 N NaOH or 0.1 N HC1 in order to determine the amount 
of alkali or acid required to adjust the alkalinity to the proper level. The 
brine must be filtered if turbid. If the brine has been previously treated 
with chromate, the yellow color may be removed by adding an excess of 
10 per cent BaCl2 solution and filtering. Before titrating the brine, 
determine its reaction by adding a few drops of phenolphthalein to 50 
milliliters of brine. If it has a proper reaction, the color will be pink, 
corresponding to a pH of 7.5. If the brine is too alkaline, the color will 
be deep red, and if too acid it will be colorless. If the brine is too alkaline, 
titrate with acid; if too acid, titrate with sodium hydroxide. The follow¬ 
ing table shows the amount of sodium hydroxide or hydrochloric acid 
required to bring 100 gallons of brine to the proper pH for different titra¬ 
tion values of 50 milliliters of brine: 

Table 126.—Amount of Sodium Hydroxide or Hydrochloric Acid Required to 

Bring 100 Gal. of Brine to the Proper pH, L. Mindling 

Ml. 0.1 N acid or alkali to 

bring 50 ml. of brine to 

the proper pH 

1 
2 
3 

4 

5 

Acid brine, lb. of NaOH 

per 100 gal. required to 

bring brine to proper pH 

0.0667 

0.1334 

0.2001 
0.2668 

0.3335 

Alkaline brine, cc. of con¬ 

centrated HOI, sp. gr. 

1.185, required to bring 

100 gal. of brine to 

proper pH 

65.7 

131.4 

197.1 

262.8 

328.5 

6 
7 
8 
9 

10 

0.4002 

0.4669 

0.5336 

0.6003 

0.6670 

394.2 

459.9 

525.6 

591.3 

657.0 

The acid or alkali should be diluted before being added to the brine. 
Because of the chance of error in calculating the volume of brine in the 
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sjstem, it should always be rechecked after the acid or alkali has been 
added and circulated for 48 hours. 

Testing for Free Ammonia.—If ammonia is leaking into the brine, this 
fact may be determined in the following manner: Add a few drops of 50 per 
cent NaOH to a sample of brine, and heat it. If the vapor causes red 

f litmus paper to turn blue, the presence 
of ammonia is indicated. When am¬ 
monia is present in brine, ammonium 
chloride is formed, which is especially 
corrosive. Alkalinity due to ammonia 
should not be neutralized with 
hydrochloric acid, for thus more am¬ 
monium chloride will form. The am¬ 
monia may be neutralized with 
formaldehyde. Six molecules of form¬ 
aldehyde combine with four molecules 
of ammonia to form hexamethylene 
tetramine. This compound is soluble 
in water and has a slightly alkaline 

reaction. 
Testing for Adulteration.—The 

principle adulterant found in milk is 
water. As was mentioned in connec¬ 
tion with the determination of the 

specific gravity of milk, this value 
cannot be used as proof of added 
water. A low specific gravity accom¬ 
panied by a high fat test is, however, 
sufficient reason to suspect watering. 
The use of the cryoscope to determine 
the freezing point may be used to 
establish whether water has been 
added. Five per cent added water 
may be determined accurately by this 

method. A second method is the use of the refractometer (page 30). 
Cryoscope—A convenient apparatus for determining the freezing 

point of milk is the Hortvet Cryoscope (Fig. 167). 
The details of conducting the test are given in “ 

Fig. 167.—Hortvet Cryoscope used 
for the determination of the freezing 

point of milk. 

Standard Methods for 

the Examination of Milk Products.’6 . , . , , , -ii 
Routine Testing.—The routine chemical and bacteriological tests tri 

vary with the size of the plant and the kinds of products processed. Jwo 

questions in deciding upon what tests to include an . ( ) 
made of the tests in checking the efficiency of operation? (2) What 
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tests are necessary in checking the quality of products purchased and 

sold? 
The data should be fully utilized after the tests have been made. To 

aid in their use, blank forms should be prepared for reporting the tests 
daily to the plant superintendent and summarized for the manager once 
each week or month. If cost records are kept, the fat tests will be 
required in calculating fat losses. In smaller plants where fat losses are 
not calculated by someone employed for that purpose, the laboratory 
technician may calculate these losses and include the data in his 

reports. 
The following are probably the minimum routine fat and bacterial 

tests consistent with efficient use of the laboratoiy. 

Fat Tests: 
Products purchased. 

Patrons’ milk—composite samples of not over 10 days’ collections (unless law 
specifies more frequent testing). 

Patrons’ cream—test of each delivery. 
Processing departments. 

Each vat of milk and cream before and after standardization. 

All milk and cream used in processing such as market cream, buttermilk, and 
chocolate milk. -> {• 

Final products. 

Representative samples of each day’s products processed or manufactured. 
Bacterial Tests (Plate Counts): 

Products purchased. 

Patrons’ milk and cream once a week, or oftener if necessary to maintain uniform 
bacterial quality of supply. 

Processing departments. 

Daily tests of milk in all storage tanks. 

Daily or weekly tests of sterilized bottles and cans representative of the period 
Finished products. 

Daily tests of representative samples of all products sold. 

Other routine tests that may be included are (1) an acid test of raw 
milk ill each storage tank and of all cream received and sold, and a daily 

test of buttermilk; (2) lactometer tests of milk sold and of patrons’ 
mi k once a month; (3) a sediment test of patrons’ milk and of processed 
milk at convenient intervals. F 

1 lie number of tests applied may vary with conditions; more elaborate 
programs are often used. : 

Where chlorine serves as a sterilizing agent, the laboratory technician 
s iould test its strength and maintain it at the desired level' Solutions 
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LABORATORY REAGENTS 

Phenolphthalein Indicator: 

1. Phenolphthalein of 3.5 per cent solution in 90 per cent ethyl alcohol. 

Use 2 to 4 drops per sample. 
2. Phenolphthalein, 1 per cent solution in alcohol, 5 drops (some use 

1 cubic centimeter). 
Sulphuric Acid for Babcock Test: Commercial sulphuric acid, water 

clear with a specific gravity between 1.82 and 1.83. In diluting the acid, 

add to the water, not the water to the acid. 

Glymol: 

White mineral oil colored with. 1 quart 
Alkanet root or with oil-soluble aniline dye. 1 ounce 

Glassware-cleaning Solution: Dissolve 80 grams of commercial sodium 

dichromate in 300 milliliters of warm water. Cool the solution, and add it 
very slowly to 460 milliliters of concentrated sulphuric acid (Babcock test 
acid). Because much heat is generated when the solutions are mixed, a 

pyrex flask of at least 2,000 milliliters capacity should be used to eliminate 
the danger of breaking the glass. The flask should be stood in cold watei 

to conduct the heat away from the mixture. 
Aniline Black Table Top Stain:2 Often it is desirable to apply a black 

top dressing to laboratory tables. The following formula may be used: 

Solution A. 120 g. 
180 g. 

Aniline. 
HC1 (commercial) 

Water. 
1,000 ml. 

Solution B. 120 g. 
100 g. 

Sodium dichromate 

HC1 (commercial). 

Water. 
1,000 ml. 
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APPENDIX 

PROBLEMS IN THE STANDARDIZATION OF MILK AND CREAM 

“Standardization” of milk and cream refers to the adjustment of the fat percent¬ 
ages to a definite value. Milk may be standardized by mixing milk of different fat 
percentages or by adding cream or skim milk. Cream may be standardized by mixing 
cream of different fat percentages or by adding whole or skim milk. The following 
three types of problem illustrate the methods used in calculating (1) the proportions of 
two lots of milk or cream to mix together to secure a product of a definite fat percent¬ 
age, (2) the proportion of two lots to mix in order to secure a given amount of a product 
of definite fat percentage, and (3) the proportions of two lots to mix in order to prepare 
a product of given fat percentage when all of one of the lots is used. 

The Pearson square is usually employed to find the proportion of the different 
products to use in standardization problems. In this method a square is first drawn. 
The desired fat percentage of the standardized product is then placed in the center of 

the square. If, for example, 4 per cent milk is desired, the figure 4 is placed in the 
center of the square. If it is desired to use 5 and 3.5 per cent milks to prepare the 
4 per cent milk, these figures are placed at the upper and lower left-hand corners. 

lagonal lines are then drawn connecting the corners of the square. Subtractions are 
then made between the figures on the left-hand side of the diagram and the figure in 

dtatratfon W“in Vhe dlflere"ce bprin« placed in the right-hand corners as shown in the 

parts p a g , “T', 'I'” *° the parts of 5 Per cent '“>lk »nd 1.0 to the 
P f o'5 p 1 mi k t0 be USed to se<mre 4 Per cent 
cream6 InTcZl^ iIlust^ates ,the p™oiple of the standardization of milk and 

From ' experience t „T"TV ‘’T*0' "ee<1 n0t take time to draw the square, 
required Ca,clllate thc result c>uickly * ‘he minimum time 

Type 1. 

pare 4.0 per cent 
available, 

Examples Illustrating Types of Standardizing Problems 

T^r n„7TTi0nS °f tW° lotS °‘ milk t0 ">« t" order to pre- cent milk. Unlimited amounts of 3.4 and " • 
5.1 per cent milk aro 
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parts of 3.4 per cent milk 

parts of 5.1 per cent milk 

Type 2. To determine the proportions of two lots of milk to mix in order to secure 

a definite amount of 4.0 per cent milk. Prepare 1,000 pounds of 4.0 per cent milk from 

unlimited amounts of 3.4 and 5.1 per cent milk. 

X 1,000 = 

X 1,000 = 

Total parts = 

647.1 lb. of 3.4 per cent milk 

352.9 lb. of 5.1 per cent milk 

1,000.0 lb. of 4.0 per cent milk 

Type 3. To determine the proportions of two lots of milk to mix in order to pre¬ 

pare 4 per cent milk when all of one lot is to be used. Use 270 pounds of 3.4 per cent 

milk. An unlimited amount of 5.1 per cent milk is available for standardization. 

parts of 3.4 milk 

parts of 5.1 milk 

270.0 lb. 

X 

Then 

1.1:270: :0.6:X 

270 X 0.6 
X = 1.1 

= 147.2 lb. of 5.1 per cent milk 

to add to 270 lb. of 3.4 per cent milk 
_A 1 V 9 IK r A n-m,U 

e vi the three conditions of standardizing likely 

t0 KrrJSfrp" ^ f“rther ai,piica- 

tions of standardization. . h been returned from the routes: 

Problem 1. The following - » '”““J’lr milk, 90 pounds of 25 per cent 
150 pounds 4 per cent milk, 600 pou . • P mixture ig to be standardized with 

?r“m “ rTmakl ^Ir'cont milk for chocolate drink. The test of the skun 

milk is considered to be 0.02 per cent. 
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Solution: 1. Find the average test of the mixture. 

150 X 4.0 = 6.00 1b. fat 

600 X 3.4 = 20.40 lb. fat 

90 X 25.0 = 22.50 lb. fat 

60 X 38.0 = 22.80 lb. fat 

900 lb. 71.70 total lb. of fat 

of product 
71 7 
—A x 100 = 7.97 per cent fat—the average test 

2. Find amount of skim required to standardize to 2.0 per cent fat (type 3 

problem). 

7.97 1.98 parts of 7.97 per cent milk = 900 lb. 

1.98:900:: 5.97: A" 

X = 
900 X 5.97 

1.98 
2,713.6 lb. of skim milk to be used 

/ 

Amount of 2.0 per cent milk = 900 + 2,713.6 = 3,613.6 lb. 

Problem 2. Prepare 1,000 pounds of 38 per cent whipping cream. Forty per cent 

cream and 0.02 skim milk are available (type 2 problem). 

40.0 37.98 £5? X 1,000 
39.98 — 950 lb. of 40.0 per cent cream 

1,000 of skim milk 

Standardization problems should be checked for the amount of milk fat involved: 

Proof of calculations: 

950 X 40.0 - 380 lb. f,it in 40 per cent cream 

_52 X 0 02 - 0 01 lb. fat in skim milk 

380.01 
1,000 X 38 = 380.00 

A check test of the standardized milk and 

tion as a precaution against error. 
cream should be made after standardiza- 
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Table to Be Used in Computing Logarithmic Averages of Bacterial Counts 

Counts 
Loga¬ 

rithms 
Counts 

Loga¬ 

rithms 

1,000 3.00 61,000 4.79 
2,000 3.30 62,000 4.79 
3,000 3.48 63,000 4.80 
4,000 3.60 64,000 4.81 
5,000 3.70 65,000 4.81 
6,000 3.78 66,000 4.82 

7,000 3.85 67,000 4.83 

8,000 3.90 68,000 4.83 

9,000 3.95 69,000 4.84 

10,000 4.00 70,000 4.85 

11,000 4.04 71,000 4.85 

12,000 4.08 72,000 4.86 

13,000 4.11 73,000 4.86 

14,000 4.15 74,000 4.87 

15,000 4.18 75,000 4.88 

16,000 4.20 76,000 4.88 

17,000 4.23 77,000 4.89 

18,000 4.26 78,000 4.89 

19,000 4.28 79,000 4.90 

20,000 4.30 80,000 4.90 

21,000 4.32 81,000 4.91 

22,000 4.34 82,000 4.91 

23,000 4.36 83,000 4.92 

24,000 4.38 84,000 4.92 

25,000 4.40 85,000 4.93 

26,000 4.42 86,000 4.93 

27,000 4.43 87,000 4.94 

28,000 4.45 88,000 4.94 

29,000 4.46 89,000 4.95 

30,000 4.48 90,000 4.95 

31,000 4.49 91,000 4.96 

32,000 4.51 92,000 4.96 

33,000 4.52 93,000 4.97 

34,000 4.53 94,000 4.97 

35,000 4.54 95,000 4.98 

36,000 4.56 96,000 4.98 

37,000 4.57 97,000 4.99 

38,000 4.58 98,000 4.99 

39,000 4.59 99,000 4.99 

40,000 4.60 100,000 5.00 

41,000 4.61 110,000 5.04 

42,000 4.62 120,000 5.08 

43,000 4.63 130,000 5.11 

44,000 
45,000 

46,000 
47,000 

48,000 

49,000 
50,000 
51,000 
52,000 

53,000 

54,000 
55,000 
56,000 
57,000 
58,000 

59,000 
60,000 

4.64 

4.65 
4.66 
4.67 
4.68 
4.69 
4.70 

4.71 
4.72 

4.72 
4.73 
4.74 
4.75 

4.76 
4.76 
4.77 

4.78 

140,000 
150,000 
160,000 

170,000 
180,000 

190,000 

200,000 
210,000 

220,000 
230,000 
240,000 
250,000 

260,000 
270,000 

280,000 
290,000 

300,000 

Counts 

310,000 
320,000 
330,000 
340,000 
350,000 
360,000 

5.18 
5.20 
5:23 
5.26 

5.28 
5.30 
5.32 

5.34 
5.36 
5.38 
5.40 
5.42 

5.43 
5.45 
5.46 

5.48 

Loga¬ 

rithms 
Counts 

Loga¬ 

rithms 

5.49 910,000 5.96 
5.51 920,000 5.96 
5.52 930,000 5.97 
5.53 940,000 5.97 
5.54 950,000 5.98 
5.56 960,000 5.98 
5.57 970,000 5.99 
5.58 980,000 5.99 

5.59 990,000 5.99 

5.60 1,000,000 6.00 

5.61 1,100,000 6.04 

5.62 1,200,000 6.08 

5.63 1,300,000 6.11 

5.64 1,400,000 6.15 

5.65 1,500,000 6.18 

) 5.66 1,600,000 6.20 

) 5.67 1,700,000 6.23 

) 5.68 1,800,000 6.26 

) 5.69 1,900,000 6.28 

) 5.70 2,000,000 6.30 

) 5.71 2,100,000 6.32 

1 5.72 2,200,000 6.34 

3 5.72 2,300,000 6.36 

9 5.73 2,400,000 6.38 

0 5.74 2,500,000 6.40 

0 5.75 2,600,000 6.42 

0 5.76 2,700,000 6.43 

0 5.76 2,800,000 6.45 

0 5.77 2,900,000 6.46 

0 5.78 3,000,000 6.48 

0 5.79 3,100.000 6.49 

0 5.79 3,200,000 6.51 

0 5.80 3,300,000 6.52 

0 5.81 3,400,000 6.53 

0 5.81 3,500,000 6.54 

0 5.82 3,600,000 6.56 

0 5.83 3,700,000 6.57 

0 5.83 3,800,000 6.58 

0 5.84 3,900,000 6.59 

0 5.85 4,000,000 6.60 

)0 5.85 4,100,000 6.61 

)0 5.86 4,200,000 6.62 

)0 5.86 4,300,000 6.63 

)0 5.87 4,400,000 6.64 

)0 5.88 4,500,000 6.65 

)0 5.88 4,600,000 6.66 

)0 5.89 4,700,000 6.67 

)0 5.89 4,800,00C 6.68 

)0 5.90 4,900,00C 6.69 

)0 5.90 5,000,00( 6.70 

>0 5.91 5,100,000 6.71 

)0 5.91 5,200,00( 6.72 

00 5.92 5,300,00( 6.72 

00 5.92 5,400,00( ) 6.73 

00 5.93 5,500,00( ) 6.74 

00 5.93 5,600,00< ) 6.75 

00 5.94 5,700,001 ) 6.76 

00 5.94 5,800,00( ) 6.76 

00 5.95 5,900,001 ) 6.77 

00 5.95 6,000,00 1 6.78 

Counts 
Loga¬ 

rithms 

6,100,000 
6,200,000 
6,300,000 
6,400,000 
6,500,000 
6,600,000 
6,700,000 
6,800,000 
6,900,000 
7,000.000 
7,100,000 
7,200,000 
7,300,000 
7,400,000 

7,500,000 
7,600,000 
7,700,000 
7,800,000 
7,900,000 
8,000,000 
8,100,000 

8,200,000 
8,300,000 
8,400,000 

8,500,000 
8,600,000 
8,700.000 
8,800,000 
8,900,000 
9,000,000 
9,100,000 
9,200,000 
9,300,000 
9,400,000 

9,500,000 
9,600,000 
9,700,000 
9,800,000 
9,900,000 

10,000,000 
11,000,000 
12,000,000 
13,000,000 
14,000,000 
15,000,000 
16,000,000 
17,000,000 
18,000,000 
19,000,000 

20,000,000 
30,000,000 
40,000,000 

50,000,000 
60,000,000 
70,000,000 
80,000,000 
90,000,000 

100,000,000 

6.79 
6.79 
6.80 
6.81 
6.81 
6.82 
6.83 
6.83 
6.84 

6.85 
6.85 
6.86 
6.86 
6.87 
6.88 
6.88 
6.89 
6.89 
6.90 
6.90 
6.91 
6.91 
6.92 
6.92 
6.93 
6.93 
6.94 
6.94 
6.95 
6.95 
6.96 
6.96 
6.97 
6.97 
6.9S 

6.98 
6.99 
6.99 
6.99 
7.00 
7.04 
7.08 

7.11 
7.15 
7.18 
7.20 
7.23 
7.26 
7.28 
7.30 
7.48 
7.60 
7.70 
7.78 
7.85 
7.90 
7.95 
8.00 
8.30 

8.48 
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Depreciation Rates of Milk Plants and Equipment, International 

Association of Milk Dealers 

Items of plant and equipment 

Buildings 

Frame. 

Brick: 

Frame construction. 

Steel construction. 

Concrete (reinforced). 

Stone, concrete block, tile block. 

Railroad spurs. 

Office fixtures. 

Office furniture: 

Safes. 

Furniture... 

Office machines. 

Power machinery and equipment: 

Boiler and settings... 

Boiler feed pumps. 

Condensation pumps. 

Steam engines. 

Gas and oil engines. 

Motors—directly connected with milk machinery. 

Squirrel-cage induction motors. 

Synchronous motors. 

Steam piping. 

Water lines. 

Shafting and pulleys. 
Belting. 

Air compressor (rotary). 

Steam pumps. 

Oil burners. 

Water softeners. 

Refrigerating and ice-making machinery and equipment: 
Refrigerating machines. 

Condenser coils, double pipe. 

Condenser coil, ammonia lines. 

Condenser-coil insulation. 

Ice and brine tanks. 

Expansion coils. 

Shell coolers. 

Brine pumps. 

Brine coolers. 

Brine coils. 

Insulation: 

Ice-storage rooms. 

Mdk- and cream-storage rooms. 

Years of 

useful 

life 

Yearly de¬ 

preciation, 

per cent 

20.0 5 

33.0 3 

33.0 3 

33.0 3 

33.0 3 

20.0 5 

10.0 10 

20.0 5 

10.0 10 

7.0 14 

12.0 8 

7.0 14 

8.0 12 

13.0 8 

7.0 14 

7.0 14 

7.0 14 

15.0 7 

10.0 10 

10.0 10 

13.0 8 

4.0 25 
7.0 14 

10.0 10 
7.0 14 

8.0 12 

13.0 8 
10.0 10 
10.0 10 
5.0 20 
7.0 14 
8.0 12 

10.0 10 
8.0 12 

13.0 8 
10.0 10 

20.0 5 
20.0 5 
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Depreciation Rates of Milk Plants and Equipment, International 

Association of Milk Dealers.—(Continued) 

Items of plant and equipment 

Milk machinery and equipment: 

Milk scales. 

Weighing cans. 

Can washers. 

Milk pumps: 

Hydraulic. 

Others. 

Sanitary piping and fittings. 

Clarifiers. 

Filters. 

Pasteurizing plants: 

Heaters./ 

Holders: 

Glass-lined, single shell. 

Glass-lined, jacketed. 

Tinned copper. 

Coolers and precoolers. 

Regenerators. 

Thermostatic controllers. 

Diaphragm valves. 

Recording thermometers. 

Bottle washers-—soaker. 

Bottle fillers and cappers. 

Homogenizers. 

Emulsifiers. 

Cheese vats: 

Tinned copper. 

Tinned steel. 

Chrome nickel steel. 

Laboratory equipment: 

Fat testers, centrifugal type. 

Fat and solid testers, vacuum type. 

Sediment testers. 

Scales: 

Analytical balances. 

Laboratory scales (balance). 

Incubators.. 

Autoclaves. 

Drying ovens. 

Water stills. 

Microscopes. 

Other machinery and equipment: 

Conveyer systems. 

Hand trucks. 

Years of 

useful 

life 

Yearly de 

predation 

per cent 

7.0 14 

5.0 20 

7.0 14 

7.0 14 

5.0 20 

5.0 20 

8.0 12 

7.0 14 

6.0 17 

14.0 7 

10.0 10 

8.0 12 

7.0 14 

8.0 12 

5.0 20 

5.0 20 

5.0 20 

10.0 10 

5.0 20 

12.0 8 

10.0 10 

10.0 10 

5.0 20 

15.0 7 

10.0 10 

10.0 10 

7.0 14 

10.0 10 

7.0 14 

10.0 10 

10.0 10 

10.0 10 

10.0 10 

20.0 5 

5.0 20 

5.0 20 
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Depreciation Rates of Milk Plants and Equipment, International 

Association of Milk Dealers. (Continued) 

Items of plant and equipment 

Shop machinery and equipment: 

Lathes. 

Planes. 

Drill presses. 

Miscellaneous machine tools. 

Containers: 

Milk-bottle cases. 

Milk-cans: 

Regular. 

City delivery. 

Delivery equipment: 

Horses. 

Harness. 

Wagons (horse-drawn) 

Milk-delivery wagons. 

Refrigerator wagons. 

Automobiles: 

Gasoline: 

Trucks: 

1.5 ton or less. 

2-3 tons. 

Over 3 tons. 

Truck bodies—open type. . . 

Refrigerator. 

Milk tanks. 

Electric: 

Chassis. 

Body. 

Lead battery. 

Steel-plate battery. 

Gas-electric: 

Chassis. 

Body. 

Motor. 

Railroad equipment: 

Milk tank cars. 

Sundry dairy equipment: 

Sterilizer cabinet for separator parts 

Cap cabinets at fillers. 

Chlorinators. 

Case washers. 

Milk samplers. 

Sanitary pipe cleaner (sectional) 

Test bottle shakers.. 

[ears of 

useful 

life 

Yearly de¬ 

preciation, 

per cent 

10.0 10 

10.0 10 

10.0 10 

5.0 20 

2.5 40 

2.5 40 

2.0 50 

7.0 14 

7.0 14 

10.0 10 

7.0 14 

3.0 33 

4.0 25 

7.0 14 

7.0 14 

8.0 12 

10.0 10 

10.0 10 

10.0 10 

3.0 33 

7.0 14 

10.0 10 

10.0 10 

4.0 25 

14.0 7 

10.0 10 
7.0 14 

7.0 14 
10.0 10 
5.0 20 
7.0 14 
7.0 14 
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UNITED STATES PUBLIC HEALTH SERVICE MILK ORDINANCE 

(This unabridged form of the ordinance should be adopted only where the short 
enabling form in part I is not considered legal.) 

An ordinance defining “milk” and certain “milk products,” “milk producer,” 

pasteurization, etc., prohibiting the sale of adulterated and misbranded milk and milk 

products, requiring permits for the sale of milk and milk products, regulating the inspec¬ 

tion of dairy farms and milk plants, the examination, grading, labeling, placarding, 

pasteurization, regrading, distribution, and sale of milk and milk products, providing for 

the publishing of milk grades, the construction of future dairies and milk plants, the 

enforcement of this ordinance, and the fixing of penalties. 

Be it ordained by the.of the city of.as 

follows: 

Section 1. Definitions.—The following definitions shall apply in the interpreta¬ 

tion and the enforcement of this ordinance: 

A. Milk.—Milk is hereby defined to be the lacteal secretion obtained by the 

complete milking of one or more healthy cows, excluding that obtained within 15 days 

before and 5 days after calving, or such longer period as may be necessary to render the 

milk practically colostrum free; which contains not less than 8 percent of milk solids 

not fat, and not less than 3Y± percent of milk fat. 

B. Milk fat or butter fat.—Milk fat or butter fat is the fat of milk. 

C. Cream and sour cream.—Cream is a portion of milk which contains not less 

than 18 percent milk fat. Sour cream is cream the acidity of which is more than 

0.20 percent, expressed as lactic acid. 
D. Skimmed milk.—Skimmed milk is milk from which a sufficient portion of 

milk fat has been removed to reduce its milk-fat percentage to less than 3M percent. 

E. Milk or skimmed-milk beverage.—A milk beverage or a skimmed-milk beverage 

is a food compound or confection consisting of milk or skimmed milk, as the case 

may be, to which has been added a sirup or flavor consisting of wholesome ingredients. 

F. Buttermilk.—Buttermilk is a product resulting from the churning of milk or 

cream, or from the souring or treatment of a lactic acid or other culture of milk, 

skimmed milk, reconstituted skimmed milk, evaporated or condensed milk or skimmed 

milk, or milk or skimmed-milk powder. It contains not less than 8 percent of milk 

solids not fat. . . ^ A , , . , . 
G. Vitamin D milk—Vitamin D milk is milk the vitamin D content of which has 

been increased by a method and in an amount approved by the health officer. 

H. Reconstituted or recombined milk and cream. Reconstituted or recombine 

milk is a product resulting from the recombining of milk constituents with water, 

and which complies with the standards for milk fat and solids not fat of milk as define 

herein Reconstituted or recombined cream is a product resulting from the combina¬ 

tion of dried-cream, butter, or butter fat with cream, milk, skimmed milk, or water. 

I Goat milk.—Goat milk is the lacteal secretion, free from colostrum, obtained by 

the complete milking of healthy goats, and shall comply with all the requirements 

this ordinance The word “cows” shall be interpreted to include goats. 

rZLgenized milk.-Homogenized milk is milk which has ^ ^ 
* • Krpnlc nn of the fat globules to such an extent that after 48 hour 

— on the milk and the tat petcentageofthe 

c • ..„r+ bottle or of proportionate volumes in containers 

s,“—- .*• -- 
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reconstituted or recombined milk and cream, milk beverages, skimmed-milk beverages, 

and any other product mkde by the addition of any substance to milk or any of these 

products and used for similar purposes and designated as a milk product by the health 

officer. . 
L. Pasteurization—The terms “pasteurization,” “pasteurized,” and similar 

terms shall be taken to refer to the process of heating every particle of milk or milk 

products to at least 143° F., and holding at such temperature for at least 30 minutes, 

or to at least 160° F , and holding at such temperature for at least 15 seconds, in 

approved and properly operated equipment : Provided, lhat nothing contained in this 

definition shall be construed as disbarring any other process which has been demon¬ 

strated to be equally efficient and is approved by the State health authority. 

M. Adulterated milk and milk products.—Any milk or milk product which contains 

any unwholesome substance, or which if defined in this ordinance does not conform 

with its definition, or which carries a grade label unless such grade label has been 

awarded by the health officer and not revoked, shall be deemed adulterated and 

misbranded. 

N. Milk producer.—A milk producer is any person who owns or controls one or more 

cows a part or all of the milk or milk products from which is sold or offered for sale. 

O. Milk distributor.—A milk distributor is any person who offers for sale or sells to 

another any milk or milk products for human consumption as such. 

P. Dairy or dairy farm.—A dairy or dairy farm is any place or premises where one 

or more cows are kept, a part or all of the milk or milk products from which is sold or 
offered for sale. 

Q. Milk plant.—A milk plant is any place or premises or establishment where milk 

or milk products are collected, handled, processed, stored, bottled, pasteurized, or 
prepared for distribution. 

R. Health officer.—The«term “health officer” shall mean the health authority of 

the city of.. or his authorized representative. 

S. Average bacterial plate count, direct microscopic count, reduction time, and cooling 

temperature.—Average bacterial plate count and average direct microscopic count 

shall be taken to mean the logarithmic average, and average reduction time and 

average cooling temperature shall be taken to mean the arithmetic average, of the 

respective results of the last four consecutive samples, taken upon separate days 
irrespective of the date of grading or regrading. 

T. Grading period.—The grading period shall be such period of time as the health 

officer may designate within which grades shall be determined for all milk and milk 

products, provided that the grading period shall in no case exceed 6 months 

U. Person. The word “person” as used in this ordinance shall mean 
nrm, corporation, or association.” 

V. And/or. Where the term “and/or” is used “and’ 

person, 

otherwise “or” shall apply. 
Sec. 2. 

shall apply where possible, 

, , .... /• N77iC sale of ^Iterated, misbranded, or ungraded milk or milk vroducts 
prohibited. No person shall within the citv of . . ' 

the cHy of . “l’* " £ “ '"7 «!"T **> or receive into 

sale therein or to have in etomge whoremilkTmitp^aSa" *° ^ ^ ,0r 
milk or milk product defined .. P UI mine product defined in this ordinance d f 7'~ ^ S°ld °r served> anY 
health officer of the city of. ‘ ’ does not Posse^s a permit from the 
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Only a person who complies with the requirements of this ordinance shall be 

entitled to receive and retain such a permit. 

Such a permit may be suspended by the health officer, or revoked after an oppor¬ 

tunity for a hearing by the health officer, upon the violation by the holder of any of the 

terms of this ordinance. : 

Sec. 4. Labeling and placarding.—All bottles, cans, packages, and other con¬ 

tainers enclosing milk or any milk product defined in this ordinance shall be plainly 

labeled or marked with (1) the name of the contents as given in the definitions in this 

ordinance; (2) the grade of the contents; (3) the word “pasteurized” only if the con¬ 

tents have been pasteurized; (4) the word “raw” only if the contents are raw; (5) the 

phrase “for pasteurization” if the contents are to be pasteurized; (6) the name of the 

producer if the contents are raw, and the name of the plant at which the contents were 

pasteurized, if the contents are pasteurized; and (7) in the case of vitamin D milk, 

the designation “Vitamin D Milk” and the source of the vitamin D. The label 

or mark shall be in letters of a size, kind, and color approved by the health officer and 

shall contain no marks or words which are misleading. 

Every restaurant, cafe, soda fountain, or other establishment serving milk or milk 

products shall display at all times, in a place designated by the health officer, a notice 

approved by the health officer, stating the lowest grade of milk and/or milk products 

served.1 
Sec. 5. Inspection of dairy farms and milk plants for the purpose of grading or 

regrading.—At least once during each grading period the health officer shall inspect 

all dairy farms and all milk plants whose milk or milk products are intended for con¬ 

sumption within the city of.. or its police jurisdiction. In case the 

health officer discovers the violation of any item of sanitation, he shall make a second 

inspection after a lapse of such time as he deems necessary for the defect to be reme¬ 

died, but not before the lapse of 3 days; and the second inspection shall be used in 

determining the grade of milk and/or milk products. Any violation of the same item 

of this ordinance on two consecutive inspections shall call for immediate degrading. 

One copy of the inspection report shall be posted by the health officer in a con¬ 

spicuous place upon an inside wall of one of the dairy farm or milk plant buildings, and 

said inspection report shall not be defaced or removed by any person except the health 

officer. Another copy of the inspection report shall be filed with the records of t e 

heaslcdTTTh7Lmination of milk and milk products.-^-During each grading period 

at least four samples of milk and cream from each dairy farm and each milk plant 

shall be taken on separate days and examined by the health officer. Samples of ot icr 

milk products may be taken and examined by the health officer as often as he deems 

1 Shmules of milk and milk products from stores, caf6s, soda fountains, 
necessary. Samplesof m lk and i P ductg are sold shall be examined 

ESpSSSSffe 
,“a ^ dirsir1 ■<lopled 

this ordinance. 
! Municipalities in which the ^ 

tute the following wording: 1,1 com 
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he„,th officer at any time prior to the final delivery of the milk or milk products. 

411 proprietors of stores, cafes, restaurants, soda fountains, and other simdar places 

shall*furnish the health officer, upon his request, with the names of all distributors 

from whom their milk and milk products are obtained. Bio-assays of the vitamin 

content of vitamin D milk shall be made when required by the health officer in a 

laboratory approved by him for such examinations. 
Whenever the average bacterial count, the average reduction time or the average 

cooling temperature falls beyond the limit for the grade then held, the health officer 

shall send written notice thereof to the person concerned, and shall take an additional 

sample, but not before the lapse of 3 days, for determining a new average in accordance 

with section 1 (S). Violation of the grade requirement by the new average or by any 

subsequent average during the remainder of the current grading period shall call for 

immediate degrading or suspension of the permit, unless the last individual result is 

within the grade limit. 
Sec. 7. The grading of milk and milk products.—At least once every fi months the 

health officer shall announce the grades of all milk and milk products delivered by all 

producers or distributors and ultimately consumed within the city of.. 
or its police jurisdiction. Said grades shall be based upon the following standards, the 
grading of milk products being identical with the grading of milk except that the 
bacterial standards shall be doubled in the case of cream, and omitted in the case of 
sour cream and buttermilk. Vitamin 1) milk shall be only of grade A or grade 13 

pasteurized, certified, or grade A raw quality. 
Certified milk-raw.—Certified milk-raw is raw milk which conforms with the 

requirements of the American Association of Medical Milk Commissions3 in force at 
the time of production and is produced under the supervision of a medical milk com¬ 
mission and of the State board of health or of the city or county health officer of 

Grade A raw milk.—Grade A raw milk is raw milk the average bacterial plate 
count of which as determined under sections 1 (S) and 6 of this ordinance does not 
exceed 50,000 per cubic centimeter, or the average direct microscopic count of which 
does not exceed 50,000 per cubic centimeter if clumps are counted or 200,000 per cubic 
centimeter if individual organisms are counted, or the average reduction time of 
which is not less than 8 hours: Provided, That if it is to be pasteurized the correspond¬ 
ing limits shall be 200,000 per cubic centimeter, 200,000 per cubic centimeter, 800,000 
per cubic centimeter, and 6 hours, respectively; and which is produced upon dairy 
farms conforming with all of the following items of sanitation. 

Item lr. Cows, tuberculosis and other diseases.—Except as provided hereinafter, 
a tuberculin test of all herds and additions thereto shall be made before any milk 
therefrom is sold, and at least once every 12 months thereafter, by a licensed veteri¬ 
narian approved by the State livestock sanitary authority. Said tests shall be made 
and reactors disposed of in accordance with the requirements approved by the United 
States Department of Agriculture, Bureau of Animal Industry,3 for accredited herds. 
A certificate signed by the veterinarian or attested to by the health officer and filed 

of health).” If the regulations then adopted by the health officer are equivalent to those contained in 

e eKr wnCl CUS replace^’ they wlU not be considered as constituting a downward revision of the U S 
1 ubhc Health Service milk ordinance. 

All other references in this ordinance to standards and methods not specifically described may be 
.ea ed in the same manner, such as the requirements of the American Association of Medical Milk 

Commissions under the definition of certified milk-raw, the requirements of the Bureau ol Animal 

car?„^ri85?,ld m0dified aCCredited areaS in item lr* aild the u* Public 
3 See footnote 2 on p. 590. 
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with the health officer shall be evidence of the above test: Provided, That in modified 
accredited counties in which the modified accredited area plan is applied to the dairy- 
herds the modified accredited area system approved by the United States Bureau of 
Animal Industry® shall be accepted in lieu of annual testing. 

Within.4 years after the adoption of this ordinance all milk and milk 
products consumed raw shall be from herds or additions thereto which have been 
found free from Bang’s disease, as shown by blood serum tests for agglutinins against 
Brucella abortus made in a laboratory approved by the health officer. All such herds 
shall be retested at least every 12 months and all reactors removed from the herd. 
A certificate identifying each animal by number, and signed by the laboratory making 
the test, shall be evidence of the above test. 

Cows which show an extensive or entire induration of one or more quarters of the 
udder upon physical examination, whether secreting abnormal milk or not, shall be 
permanently excluded from the milking herd. Cows giving bloody, stringy, or other¬ 
wise abnormal milk, but with only slight induration of the udder, shall be excluded 
from the herd until re-examination shows that the milk has become normal. 

For other diseases such tests and examinations as the health officer may require 
shall be made at intervals and by methods prescribed by him, and any diseased 
animals or reactors shall be disposed of as he may require. 

Item 2r. Dairy barn, lighting.—-A dairy or milking barn shall be required and in 
such sections thereof where cows are milked windows shall be provided and kept clean 
and so arranged as to insure adequate light properly distributed, and when necessary 
shall be provided with adequate supplementary artificial light. 

Item 3r. Dairy barn, air space and ventilation.—Such sections of all dairy 
barns where cows are kept or milked shall be well ventilated and shall be so arranged 

as to avoid overcrowding. 
Item 4r. Dairy barn, floors.—The floors and gutters of such parts of all dairy 

barns in which cows are milked shall be constructed of concrete or other approved 
impervious and easily cleaned material, provided that if the milk is to be pasteurized 
tight wood may be used, shall be graded to drain properly, and shall be kept clean 
and in good repair. No horses, pigs, fowl, calves, etc. shall be permitted in parts of 

the barn used for milking. 
Item 5r. Dairy barn, walls and ceilings.—1The walls and ceilings of all dairy barns 

shall be whitewashed once each year or painted once every 2 years, or oftener, if 
necessary, or finished in an approved manner, and shall be kept clean and in good 
repair. In case there is a second story above that part of the barn in which cows are 
milked, the ceiling shall be tight. If the feed room adjoins the milking space, it shall 
be separated therefrom by a dust-tight partition and door. No feed shall be stored 

in the milking portion of the barn. 
Item 6r. Dairy barn, cowyard — All cowyards shall be graded and drained as well 

as practicable and kept clean. ,. , 
Item 7r Manure disposal.—All manure shall be removed and stored or disposed 

of in such manner as best to prevent the breeding of flies therein or the access of cows 

t0 PItem 8r Milk house or room, construction— There shall be provided a milk house 
or milk room in which the cooling, handling, and storing of milk and milk products 
and the washing, bactericidal treatment, and storing of milk containers and utensils 
shall be done, (a) The milk house or room shall be provided with a tight floor con¬ 
structed of concrete or other impervious material, in good repair, and graded to pio- 

! The number shouhTbe inserted when the ordinance is adopted. It should not exceed 5 years if the 

community wishes to be recognized as having adopted this ordinance. 
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•, nrnrter drainage (b) It shall have walls and ceilings of such construction as to 
nlrLit easy cleaning, and shall he well painted or finished in an approved manner 
MR shall be well lighted and ventilated, (d) It shall have all openings effectively 
screened including oiltward-opening, self-closing doors, unless other effective means 
Ire provided to prevent the entrance of flies, (e) It shall be used for no other purposes 
than those specified above except as may be approved by the health officer, sha 1 no 
open directly into a stable or into any room used for domestic purposes; shall unless 
the milk is to be pasteurized, have water piped into it; shah be provided with adequate 
facilities for the heating of water for the cleaning of utensils; shall be equipped with 
two-compartment stationary wash and rinse vats, except that in the case of retail raw 
milk if chlorine is employed as the principal bactericidal treatment, the three-com¬ 
partment tvpe must be used; and shall, unless the milk is to be pasteurized, be parti¬ 
tioned to separate the handling of milk and the storage of cleansed utensils from the 
cleaning and other operations, which shall be so located and conducted as to prevent 

any contamination of the milk or of cleaned equipment. 
Item 9r. Milk house or room, cleanliness arid flies. The floors, walls, ceilings, and 

equipment of the milk house or room shall be kept clean at all times. All means 

necessary for the elimination of flies shall be used. 
Item lOr. Toilet— Every dairy farm shall be provided with one or more sanitary 

toilets conveniently located and properly constructed, operated, and maintained, so 
that the waste is inaccessible to flies and does not pollute the surface soil or contami¬ 

nate any water supply. 
Item llr. Water supply.—The water supply for the milk room and dairy barn 

shall be properly located, constructed, and operated, and shall be easily accessible, 

adequate, and of a safe sanitary quality. 
Item 12r. Utensils, construction.—All multi-use containers or other utensils used 

in the handling, storage, or transportation of milk or milk products must be made of 
smooth nonabsorbent material and of such construction as to be easily cleaned, and 
must be in good repair. Joints and seams shall be soldered flush. Woven wire cloth 
shall not be used for straining milk. All milk pails shall be of a smallmouth design 
approved by the health officer. The manufacture, packing, transportation, and 
handling of single-service containers and container caps and covers shall be conducted 
in a sanitary manner. 

Item 13r. Utensils, cleaning.—All multi-use containers, equipment, and other 
utensils used in the handling, storage, or transportation of milk and milk products 
must be thoroughly cleaned after each usage. 

Item 14r. Utensils, bactericidal treatment.—.411 multi-use containers, equipment, 
and other ut'ensils used in the handling, storage, or transportation of milk or milk 
products shall between each usage be subjected to an approved bactericidal process 
with steam, hot water, chlorine, or hot air. 

Item 15r. Utensils, storage.—All containers and other utensils used in the han¬ 
dling, storage, or transportation of milk or milk products shall be stored so as not to 
become contaminated before being used. 

Item 16r. Utensils, handling.—After bactericidal treatment no container or other 
milk or milk product utensil shall be handled in such manner as to permit any part 
of any person or his clothing to come in contact with any surface with which milk or 
milk products come in contact. 

Item 17r. Milking, udders and teats, abnormal milk.—The udders and teats of 
all milking cows shall be clean and rinsed with a bactericidal solution at the time of 
milking. Abnormal milk shall be kept out of the milk supply and shall be so handled 
and disposed of as to preclude the infection of the cows and the contamination of milk 
utensils. 
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Item 18r. Milking, flanks.—The flanks, bellies, and tails of all milking cows shall 
be free from visible dirt at the time of milking. 

Item 19r. Milkers’ hands.—Milkers’ hands shall be clean, rinsed with a bacterici¬ 
dal solution, and dried with a clean towel immediately before milking and following 
any interruption in the milking operation. Wet-hand milking is prohibited. Con¬ 
venient facilities shall be provided for the washing of milkers’ hands. 

Item 20r. Clean clothing.—Milkers and milk handlers shall wear clean outer 
garments while milking or handling milk, milk products, containers, utensils, or 
equipment. 

Item 21r. Milk stools.—Milk stools shall be kept clean. 
Item 22r. Removal of milk.—Each pail of milk shall be removed immediately to 

the milk house or straining room. No milk shall be strained or poured in the dairy 

barn. 
Item 23r. Cooling.—Milk must be cooled immediately after completion of milking 

to 50° F. or less, and maintained at that average temperature, as defined in section 
1 (S), until delivery. If milk is delivered to a milk plant or receiving station for 
pasteurization or separation, it must be delivered within 2 hours after completion of 
milking or cooled to 70° F. or less and maintained at that average temperature until 

delivered. 
Item 24r. Bottling and capping.—Milk and milk products shall be bottled from a 

container with a readily cleanable valve, or by means of an approved bottling machine. 
Bottles shall be capped by machine. Caps or cap stock shall be purchased in sanitary 

containers and kept therein in a clean dry place until used. 
Item 25r. Personnel, health.—The health officer or a physician authorized by him 

shall examine and take a careful morbidity history of every person connected with a 
retail raw dairy, or about to be employed, whose work brings him in contact with the 
production, handling, storage, or transportation of milk, milk products, containers, or 
equipment. If such examination or history suggests that such person may be a 
carrier of or infected with the organisms of typhoid or paratyphoid fever or any other 
communicable diseases likely to be transmitted through milk, he shall secure appro¬ 
priate specimens of body discharges and cause them to be examined in a laboratory 
approved by him or by the State health authorities for such examinations, and if the 

results justify such person shall be barred from such employment. 
Such persons shall furnish such information, submit to such physKial eMminat. , 

and submit such laboratory specimens as the health officer may require for the purpose 

of determining freedom from infection. . -it 
Item 26r. MisceUaneous.-Ml vehicles used for the transportation of milka* iml 

products shall be so constructed and operated as to protect then- contents from the 

necessary to pass the delivery man may P dean and n0 substance capable 
and unloading purposes. All vehicles sha J ith or milk products 
of contaminating milk or milk products shall beAm p ^■ distribution of 

in such manner as to permit contamination displayed, 
milk or milk products shall have the name of distributor promi ejr 

The immediate surroundings of the dairy s ^p ^ bacterial 

Grade B raw milk— Grade B raw mi •_ de A raW milk, but which 
standard and/or the abortion testing requir an average bac- 

conforms with all other or an average direct 

terial plate count not exceed g ’ ’ bi centimcter if clumps are counted 
microscopic count not exceeding 1,000,000 per 
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an 
or 4 000 000 per cubic centimeter if individual organisms are counted, or a 
average reduction time of not less than 3'A hours, as determined under sections (S) 

illd<?ra* C raw milk.—'Grade C raw milk is raw milk which violates any of the require- 

ments for grade B raw milk. , . , 
Certified milk-pasteurized.—Certified milk-pasteurized is certified milk-raw which 

has been pasteurized, cooled, and bottled in a milk plant conforming with the require¬ 

ments for grade A pasteurized milk. , 
Grade A pasteurized milk.—Grade A pasteurized milk is grade A raw milk, with 

such exceptions as are indicated if the milk is to be pasteurized, which has been pas¬ 
teurized, cooled, and bottled in a milk plant conforming with all of the following items 
of sanitation and the average bacterial plate count of which at no time after pasteuriza¬ 
tion and until delivery exceeds 30,000 per cubic centimeter, as determined under 

sections 1 (S) and 6. .... 
The grading of a pasteurized milk supply shall include the inspection of receiving 

and collecting stations with respect to items lp to 15p, inclusive, and 17p, 19p, 22p, 
and 23p, except that the partitioning requirement of item 5p shall not apply. 

Item lp. Floors.—The floors of all rooms in which milk or milk products are 
handled or stored or in which milk utensils are washed shall be constructed of concrete 
or other equally impervious and easily cleaned material and shall be smooth, properly 

drained, provided with trapped drains, and kept clean. 
Item 2p. Walls and ceilings.—Walls and ceilings of rooms in which milk or milk 

products are handled or stored or in which milk utensils are washed shall have a 
smooth, washable, light-colored surface and shall be kept clean. 

Item 3p. Doors and urindows.—Unless other effective means are provided to 
prevent the access of flies, all openings into the outer air shall be effectively screened 
and doors shall be self-closing. 

Item 4p. Lighting and ventilation.—All rooms shall be well lighted and ventilated. 
Item 5p. Miscellaneous protection from contamination.—The various milk-plant 

operations shall be so located and conducted as to prevent any contamination of the 
milk or of the cleaned equipment. All means necessary for the elimination of flies 
shall be used. There shall be separate rooms for (a) the pasteurizing, processing, 
cooling, and bottling operations, and (b) the washing and bactericidal treatment of 
containers. Cans of raw milk shall not be unloaded directly into the pasteurizing 
room. Pasteurized milk or milk products shall not be permitted to come in contact 
with equipment with which unpasteurized milk or milk products have been in contact, 
unless such equipment has first been thoroughly cleaned and subjected to bactericidal 
treatment. Rooms in which milk, milk products, cleaned utensils, or containers are 
handled or stored shall not open directly into any stable or living quarters. The 
pasteurization plant shall be used for no other purposes than the processing of milk 
and milk products and the operations incident thereto, except as may be approved 
by the health officer. 

Item 6p. Toilet facilities—Every milk plant shall be provided with toilet facilities 

conforming with the ordinances of the city of. Toilet rooms shall 
not open directly into any room in which milk, milk products, equipment, or con¬ 
tainers are handled or stored. The doors of all toilet rooms shall be self-closing. 
Toilet rooms shall be kept in a clean condition, in good repair, and well ventilated, 
n case privies or earth closets are permitted and used, they shall be separate from the 

building, and shall be of a sanitary type constructed and operated in conformity with 
the requirements of item lOr, grade A raw milk. 

Item 7p Water supply.-Tlic water supply shall be easily accessible, adequate 
and of a safe, sanitary quality. 4 
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Item 8p. Hand-washing facilities.—Convenient hand-washing facilities shall be 
provided, including warm running water, soap, and approved sanitary towels. The 
use of a common towel is prohibited. 

Item 9p. Sanitary piping.—All piping used to conduct milk or milk products 
shall be “sanitary milk piping” of a type which can be easily cleaned with a brush. 
Pasteurized milk and milk products shall be conducted from one piece of equipment to 
another only through sanitary milk piping. 

Item lOp. Construction and repair of containers and equipment.—All multi-use 
containers and equipment with which milk or milk products come in contact shall be 
constructed in such manner as to be easily cleaned and shall be kept in good repair. 
The manufacture, packing, transportation, and handling of single-service containers 
and container caps and covers shall be conducted in a sanitary manner. 

Item lip. Disposal of wastes.—All wastes shall be properly disposed of. 
Item 12p. Cleaning and bactericidal treatment of containers and equipment.—All 

milk and milk products containers and equipment, except single-service containers, 
shall be thoroughly cleaned after each usage. All containers shall be subjected to an 
approved bactericidal process after each cleaning and all equipment immediately 
before each usage. When empty and before being returned to a producer by a milk 
plant each container shall be effectively cleaned and subjected to bactericidal 

treatment. 
Item 13p. Storage of containers and equipment.—After bactericidal treatment all 

bottles, cans, and other multi-use milk or milk-products containers and equipment shall 
be stored in such manner as to be protected from contamination. 

Item 14p. Handling of containers and equipment.—Between bactericidal treat¬ 
ment and usage, and during usage, containers and equipment shall not be handled or 
operated in such manner as to permit contamination of the milk. 

Item 15p. Storage of caps, parchment paper, and single-service containers.—Milk- 
bottle caps or cap stock, parchment paper for milk cans, and single-service containers 
shall be purchased and stored only in sanitary tubes and cartons, respectively, and 

shall be kept therein in a clean dry place. 
Item 16p. Pasteurization.—Pasteurization shall be performed as described in 

section 1 (L) of this ordinance. 
Item 17p. Cooling.—All milk and milk products received for pasteurization shall 

immediately be cooled in approved equipment to 50° F. or less and maintained at that 
temperature until pasteurized, unless they are to be pasteurized within 2 hours after 
receipt • and all pasteurized milk and milk products shall be immediately cooled in 
approved equipment to an average temperature of 50° F. or less, as defined in section 

1 (S), and maintained thereat until delivery. 
Item 18p. Bottling.—Bottling of milk and milk products shall be done at the place 

of pasteurization in approved mechanical equipment. . 
Item 19p. Overflow milk.—Overflow milk or milk products shall not be soli 

hUZM—'tU-Cappin* of milk am, mi* P— -ked-ky 
approved mechanical equipment. Hand capping is prohibited. I he cap or 

shall cover the pouring lip to at least its largest diameter. . , , , • 
1 Item 21p. Personnel, health.-The health officer or a physician authorizedl by_hi 

, a_i  _f.,1 rva^rKirliiv history of every person connected with a 
dth shall examine and take a careful morbidity mstory oi f—“ ~ 

• +• ni,,nt nr about to be employed, whose work brings him in contact w 
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priate specimens of body discharges and cause them to be examined in a laboratory 
approved by him or by the State health authorities for such examinations, and if the 

results justify such person shall be barred from such employment. 
Such persons shall furnish such information, submit to such physical examinations, 

and submit such laboratory specimens as the health officer may require for the purpose 

of determining freedom from infection. 
Item 22p. Personnel, cleanliness— All persons coming in contact with milk, milk 

products, containers, or equipment shall wear clean- outer garments and shall keep 

their hands clean at all times while thus engaged. 
Item 23p. Miscellaneous.—All vehicles used for the transportation of milk or milk 

products shall be so constructed and operated as to protect their contents from the 
sun and from contamination. All vehicles used for the transportation of milk or milk 

products in their final delivery containers shall be constructed with permanent tops 
and with permanent or roll-down sides anti back, provided that openings of the size 
necessary to pass the delivery man may be permitted in the sides 01 back lor loading 
and unloading purposes. All vehicles shall be kept clean, and no substance capable of 
contaminating milk or milk products shall be transported with milk or milk products 
in such manner as to permit contamination. All vehicles used for the distribution of 
milk or milk products shall have the name of the distributor prominently displayed. 

The immediate surroundings of the milk plant shall be kept in a neat, clean 

condition. 
Grade B pasteurized milk.—Grade B pasteurized milk is pasteurized milk which 

violates the bacterial standard for grade A pasteurized milk and/or the provision of 
lip-cover caps of item 20p and/or the requirement that grade A raw milk be used, 
but which conforms with all other requirements for grade A pasteurized milk, has 
been made from raw milk of not less than grade B quality, and has an average bacterial 
plate count after pasteurization and before delivery not exceeding 50,000 per cubic 
centimeters, as determined under sections 1 (S) and 6. 

Grade C pasteurized milk.—Grade C pasteurized milk is pasteurized milk which 
violates any of the requirements for grade B pasteurized milk. 

Sec. 8. Grades of milk and milk products which may be sold.—From and after 12 
months from the date on which this ordinance takes effect no milk or milk products 
shall be sold to the final consumer or to restaurants, soda fountains, grocery stores, 
or similar establishments except5.: Provided, That when any milk 
distributor fails to qualify for one of the above grades the health officer is authorized 
to revoke his permit,6 or in lieu thereof to degrade his product and permit its sale 
during a temporary period not exceeding 30 days or in emergencies such longer period 
as he may deem necessary. 

Sec. 9. Supplementary grading prescribed and regrading authorized.—If, at any 
time between the regular announcements of the grades of milk or milk products, a 
lower grade shall become justified, in accordance with sections 5, 6, and 7 of this 

‘ The names of the grades to which sale is to be restricted will depend on local conditions and should 

be inserted when the ordinance is adopted. The community may prohibit the sale of all raw milk if it 

has reached the state of public health education which will permit a majority vote in favor of such action 

See public health reason for pasteurization under item 16p of the code, also the following publications 

copies of which may be secured from the U.S. Public Health Service, Washington, IX C.: (1) What 

cSrenTh1 (2) °° Children Wh° Drink Milk Thrive Better Than 
Children Who Drink Pasteurized or Other Heated Milk: (3) The Responsibility of Health Authorities 

Is Not cTmpuuTry ^ l° tHe Pa8teurization of Milk in Communities in Which Pasteurization 

vio.lSrmUnitir,W.hiC.uWiSh t0 re8triCt the heaUh °fficer t0 the Permit revocation method of punishing 
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ordinance, the health officer shall immediately lower the grade of such milk or milk 
products, and shall enforce proper labeling and placarding thereof. 

Any producer or distributor of milk or milk products the grade of which has been 
lowered by the health officer, and who is properly labeling his milk and milk products, 
may at any time make application for the regrading of his product. 

Upon receipt of a satisfactory application, in case the lowered grade is the result 
of an excessive average bacterial plate count, direct microscopic count, reduction time, 
or cooling temperature, the health officer shall take further samples of the applicant’s 
output, at a rate of not more than two samples per week. The health officer shall 
regrade the milk or milk products upward whenever the average of the last four 
sample results indicates the necessary quality, but not before the lapse of 2 weeks from 

the date of degrading. 
In case the lowered grade of the applicant’s product is due to a violation of an 

item of the specifications prescribed in section 7, other than average bacterial plate 
count, direct microscopic count, reduction time, or cooling temperature, the said 
application must be accompanied by a statement signed by the applicant to the effect 
that the violated item of the specifications has been conformed with. Within 1 week 
of the receipt of such an application and statement the health officer shall make a 
reinspection of the applicant’s establishment, and thereafter as many additional 
reinspections as he may deem necessary to assure himself that the applicant is again 
complying with the higher grade requirements, and, in case the findings justify, shall 
regrade the milk or milk products upward, but not before the lapse of 2 weeks from 

the date of degrading. 
Sec. 10. Transferring or dipping milk; delivery containers; handling of more than 

one grade; delivery of milk at quarantined residences.—Except as permitted in this 
section, no milk producer or distributor shall transfer milk or milk products from one 
container to another on the street, or in any vehicle or store, or in any place except 
a bottling or milk room especially used for that purpose. The sale of dip milk is 

hereby prohibited. . , .. 
All pasteurized milk and milk products shall be placed in their final delivery 

containers in the plant in which they are pasteurized, and all raw milk and milk 
products sold for consumption in the raw state shall be placed in their hvA de wery 

containers at the farm at which they are produced. Milk and milk products s 
the distributor’s containers in quantities less than 1^ galkm shaU be d^ev f 
standard milk bottles or in single-service containers. It shall be unlaw u oi 

soda fountains, restaurants, groceries, and similar establishments to ^r s^e any 

milk or milk product except in the original container in which it was received fr 
the distributor or from a bulk container equipped with an approved dispensing device 
Provided That this requirement shall not apply to cream consumed on the premises, 
“may be se^edLm the original bottle or from a dispenser approved for such 

of the bottles will not be submerged. nroducts are delivered to 
It shall be the duty of all persons are delivered 

clean thoroughly ‘be contamem m ^ c(>ntainers, equipment, and utensils 
before returning such containers, ^pi 
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used in the handling, storage, processing, or transporting of milk or milk products 
shall not be used for any other purpose without the permission of the health o u er 

The delivery of milk or milk products to and the collection of milk or milk-products 
containers from residences in which cases of communicable disease transmissible 
through milk supplies exist shall be subject to the special requirements of the health 

Sec. 11. Milk and milk -products from points beyond the limits of routine inspection. 
Milk and milk products from points beyond the limits of routine inspection of the city 
Gf.may not be sold in the city of., or its police 

jurisdiction, unless produced and/or pasteurized under provisions equivalent to the 
requirements of this ordinance: Provided, That the health officer shall satisfy himself 
that the health officer having jurisdiction over the production and processing is prop¬ 

erly enforcing such provisions. 
Sec. 12. Future dairies and milk plants.—All dairies and milk plants from which 

milk or milk products are supplied to the city of.which are hereafter 
constructed, reconstructed, or extensively altered shall conform in their construction 
to the requirements of this ordinance for grade A dairy farms producing milk for con¬ 
sumption in the raw state, or for grade A pasteurization plants, respectively: Provided, 
That the requirement of a two-room milk house shall be waived in the case of dairies 
the milk from which is to be pasteurized. Properly prepared plans for all dairies and 
milk plants which are hereafter constructed, reconstructed, or extensively altered shall 
be submitted to the health officer for approval before the work is begun. In the case 
of milk plants signed approval shall be obtained from the health officer and/or the 
State health department. 

Sec. 13. Notification of disease.—Notice shall be sent to the health officer imme¬ 
diately by any producer or distributor of milk or milk products upon whose dairy 
farm or in whose milk plant any infectious, contagious, or communicable disease 
occurs. 

Sec. 14. Procedure when infection is suspected.—When suspicion arises as to the 
possibility of transmission of infection from any person concerned with the handling 
of milk or milk products, the health officer is authorized to require any or all of the 
following measures: (1) the immediate exclusion of that person from milk handling, (2) 
the immediate exclusion of the milk supply concerned from distribution and use, 
(3) adequate medical and bacteriological examination of the person, of his associates, 
and of his and their body discharges. 

Sec. 15. Enforcement interpretation.—This ordinance shall be enforced by the 
health officer in accordance with the interpretations thereof contained in the 1939 edi¬ 
tion of the Tjnited States Public Health Service Alilk Code, a certified copy of which 
shall be on file in the city clerk’s office.7 

Sec. 16. Penalty.—Any person who shall violate any provision of this ordinance 
shall be fined not more than.at the discretion of the court. Each and 
every violation of the provisions of this ordinance shall constitute a separate offense 

Sec. 17. Repeal and date of effect.—All ordinances and parts of ordinances in 
conflict with this ordinance are hereby repealed; and this ordinance shall be in full 
force and effect immediately upon its adoption and its publication, as provided by law. 

Sec. 18. L nconstitutionahty clause.—Should any section, paragraph, sentence 
clause, or phrase of this ordinance be declared unconstitutional or invalid for anv 
reason, the remainder of said ordinance shall not be affected thereby. 

7 See footnote 2 on p. 590. 
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A 

Acetic acid, 28 
Acid taste, 28 
Acidity, of buttermilk; 375 

of commercial sour cream, 401 
of milk, 27, 28 

“apparent,” 27 
“real,” 28 

effect of, on cream feathering, 349 
formula for calculating, 555 
produced by Lactobacillus bulgaricus, 

37 
produced by Streptococcus lactis, 37 
test, 554-555 
titration of, 28 

Acidophilus milk, 380-382 
culturing milk for, 382 
pasteurization of milk for, 381-382 
preparation of, 381 
therapeutic value of, 380-381 

Acids, amino, in milk proteins, 10, 25 
essential, 529, 534 
(See also Proteins) 

Administrative costs, 235-239 
(See also Cost of milk processing) 

Adults, nutrition of, 538 

Advertising, expenses of, in milk distri¬ 
bution, 435-437 

value of in city milk plants, 199 
Aeration, whipping cream by, 363-364 
Aerobacter aerogenes, 37 
Aerobic bacteria, 36 

Age of cow, effect of, on fat percentage of 
milk, 13 

Agglutinin theory of fat clumping, 334- 
335 

Aging, effect of, on cream viscosity, 354 
of table cream, 347 
of whipping cream, 354, 359 

Agitation, effect of, on creaming of milk 
337-338 

on cream viscosity, 354 
Agitators, weigh tank, 145-146 

Air, in brine, 313 
cold, cooling milk with, 321 

Air conditioning for city milk plants, 214 

Air heaters, 271, 277-279 
Albumin, 9, 25, 27 

(See also Lactalbumin) 
Alcohol, sulphonated, 261 
Aldehydase in milk, 42 
Alfalfa, effect of, on milk flavor, 181-184 

pasturing cows on, 183-184 
feeding, to minimize effect on milk 

flavor, 183 
Alfilaria, effect of, on milk flavor, 184 
Alloys (see Chromium-nickel-iron alloys; 

Copper) 
Aluminum, 192, 217, 265 
Amino acids (see Acids) 

Ammonia, effect of, on brass and copper, 
301 

leakage, detection of, 301 
properties of, 299-301 

table of properties of saturated, 300 
testing brine for, 576 
toxicity of, 301 

Amylase in milk, 10, 42 
Anaerobic bacteria, 36 
Anemia, 27 

Aniline black stain, 578 

Animal diseases transmitted through 
milk, 57—66 

Anthrax, 66 

Antineuritic vitamin, 532 
(See also Thiamin) 

Antipellagra vitamin, 534 
(See also Nicotinic acid) 

Antirachitic vitamin, 533 
(See also Vitamin D) 

Antiscorbutic vitamin, 532 

(See also Ascorbic acid) 

Aplopappus fruticosis, 65 

Aplopappus heterophyllus, 65 
Arachidic acid in milk fat, 21 

Ascorbic acid, function of, in nutrition 
532-533 

601 
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Ascorbic acid, human requirements of, 
540 

in milk, 10, 540 
sources of, 532-533, 536 

stability of, 532-533, 536 
Ash of milk (see Minerals) 
Asphalt floors, 206 

B 

Babcock test, acid for, 578 
for cream, 548-549 
development of, 2 
disposal of material from, 549 
for homogenized milk, 549 
imperfect, causes of, 547-548 

for milk, 546-548 
principles underlying, 546 

for skim milk, 549 
Bacillus anthracis, 66 

Bacillus subtilis, 38, 40 
Bacteria, acid-coagulating, 38, 39 

acid-coagulating-peptonizing, 38, 39 

acid-forming, 37 

aerobic, 36 
anaerobic, 36 
destruction of, by heat, 35 

enzymes of, 42 
gas-forming, 37, 45 

growth of, 36, 37 
influence of temperature on, 36, 37, 

38, 40, 68, 97 
after production, 46 

lactic acid, 26 
mesophilic, 35, 36, 40 
milk-souring, 36, 37 

motility of, 34, 35 
pathogenic, 35 

(See also Diseases) 

peptonizing, 38 
physiology of, 34, 35, 42 
psychrophilic, 35, 36, 40 

ropy-milk, 38, 39, 45 

shape of, 34, 35 

size of, 34, 35 
source of, in milk: containeis, 46 

cow, intestinal tract of, 37 

cow’s body, 45, 85-87 

hay, 68 
manure, 45, 59, 60, 68, 85 

milker, 45, 47 
milking machines, 45 

Bacteria, source of, in milk, from milk- 
plant equipment, 46 

from soil, 40 
from stable, 45 

from transportation equipment, 46 
from udder, 44, 85 
from utensils, 45, 87-88 
from water, 38, 40 

spores of, 35, 36, 37, 40, 246 
sweet-curdling, 38 
that survive pasteurization, 39-40 
thermoduric, 36, 40 

(See also Thermoduric bacteria) 
thermophilic, 36, 40 

(See also Thermophilic bacteria) 
types of, in milk, 34, 37-40 

Bacterial counts, plate method for, 555- 

559 
(See also Plate count) 

effect of clarification on, 227-228 
effect of filtering on, 226-228 
microscopic method for, 560-563 

(See also Breed count) 
Bacterium lactis (see Streptococcus lactis) 

Bang’s disease, 61, 74-76 
blood-agglutination test for, 74 

reliability of, 74 
calf hood vaccination for, 75 
control of, 74-76, 84 
maintaining a herd free from, 75 

(See also Brucellosis) 
Barley, green, effect of, on milk flavor, 

184 
rolled, effect of, on milk flavor, 185-186 

Basic-surplus plan (see Price plans) 
Baume hydrometer, 313, 575 
Beet pulp, dried, effect of, on milk flavor, 

185-186 

Beriberi, 530 
(See also Thiamin) 

Bioassay, 393, 531 
Bitterweed, effect of, on milk flavor, 184 

Blood-agglutination test (see Bang’s 

disease) 
Board of Health lactometer, 551-552 

temperature correction for, 552 

Boilers, stqam, 89 
electric, 90-91 

Boiling point of milk, 30 

Boron in milk, 27 
Bottle, glass milk, applied-color lettering 

on, 413-414 
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Bottle, glass milk, effect of washing solu¬ 

tions on, 253-254 
care of, in handling in plant, 415-416 

in handling on route, 415-416 

closures, 417-418 
deposit, influence of, on trips per bottle, 

416 
determination of sterility of, 559—560 
distributing cost vs. fiber containers, 

420-422 

exchanges, 416-417 
cost of operation of, 416 

fillers, 228-231 
sterilization of, 247 

invention of, 6 
lightweight, 414-415, 439 
methods for securing return of, from 

retail routes, 415-417 

pasteurization in, 285-286 
sterilization of, 248-256 

store, 415 
trips, average per, 417 

factors influencing number of, 415- 

417 

types of, 413-415, 439 
washers, mechanical, 249-256 

functions of caustic in, 241 
washing of, 248-256 

Bottled milk, fat content of, 11 
icing crates of, 232 

cost of, 423-424 
inspection of, 231 
measurement of cream volume of, 

341-342 

Bottling department, of city milk plant, 
228-231 

Bottling equipment, 229-230 
inspection of, 512 
sterilization of, 247 

Brass, 191, 216 

Breed, influence of, on color of milk fat, 
24 

on composition of milk, 12 
on composition of milk fat, 24 
on cost of milk production, 450-451 
on cream whipping, 359 
on the creaming of milk, 331 
on curd-tension of milk, 404 
on fat, percentage of milk, 12, 13 
on induced lipolysis, 190 
on size of fat globules, 24 

Breed count, detection of high-count milk 

with, 564 
equipment for, 561-562 
examination of slides, 563 
preparation of slides for, 562—563 
relation of, to plate count, 564 

stains for, 562 
value of, 560 

Brewers’ grains, wet, effect of, on milk 

flavor, 185 
Brick floors, 205-206 
Brine, maintaining alkalinity of, 575-576 

pH measurement of, 28 

reaction of, 313 
reducing corrosion by, 313-314 
refrigerated milk coolers, 320 

tables, 311-312 
testing for free ammonia in, 576 
testing for strength of, 575 
use of in refrigeration, 311-313 

Brine ice, 327 
British thermal unit (B.t.u.), defined, 31 
Bromocresol purple, 43 
Bromothymol blue, 28, 578 
Bronze, 191, 216 
Brownian movement, 34 
Brucella abortus, 61, 74, 75 
Brucella melitensis, 61 
Brucella suis, 61 
Brucellosis, 50 

history of, 61-63 
prevalence of in man, 62 
reported cases of, 63 

Bulk starter, 372-373, 381 
Bulk-line cost, 485-486 
Butter fat (see Milk fat) 

fishy flavor of, 25 
Buttermilk, 369-380 

Bulgarian, 382-383 

churning, with a pump, 377-378 
skim milk for, 233 

pasteurization of, 373 
viscosity of, 378 

Butyrin, 22 

Butyric acid, in milk fat, 21, 22, 23, 24 

relation of, to rancid flavor of milk, 188 

Buying milk, dairymen’s cooperative 
bargaining associations, 467-469 

direct purchase from dairymen, 467 
methods of, 467-469 

By-products department, operation of 
220, 232-234 
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C 

Cabbage, effect of, on milk flavor, 184 

Cabinet coolers, 317 

Calcium in milk, 10 

amount of, in one quart, 535, 540 

value of, in nutrition, 530 

Calcium chloride, brine-table, 311 

influence of, on fat clumping, 335 

Calorie, large, defined, 529 

small, defined, 31 

Calories, in carbohydrates, 530 

in fats, 530 

human requirements of, 540 

in one quart of milk, 538, 540 

in proteins, 530 

Can shipment of milk, compared with 

shipment in tanks, 170-171 

(See also Direct hauling; Local 

hauling) 

Can washers, 258-259 

Cans, milk, care of, 216 

determination of sterility of, 559-560 

washing of, 223, 258-259 

Capping milk, 228-231 

Capric acid in milk fat, 21, 22 

Caproic acid in milk fat, 21, 22 

Caprylic acid in milk fat, 21, 22 

Caps, bottle (see Bottle closures) 

Carbohydrates, caloric value of, 530 

digestibility of, 537 

function of, in nutrition, 528-529 

in milk, 534 

Carbon dioxide, relation of, to milk 

acidity, 27 

Carotene, in milk, 10 

relation of, to color of milk fat, 24, 29 

to oxidized flavor, 193 

to rancid flavor, 189 

to vitamin A, 24, 531 

“Carriers,” 53 

(See also Typhoid fever) 

Carrots, 535 
Cars, refrigerator, 149, 152-153 

(See also Transportation) 

Casein, coagulation of, 25 

in milk, 9, 10, 17, 20, 25 

percentage of, 20, 25 

relation of, to curd tension of milk, 

403 

Catalase, 10, 41 

Cell count, of milk, 43 

effect of clarification on, 228, 389 

of filtering on, 226, 389 

Cells, body, 42 

epithelial in milk, 43 

in homogenized milk, 389 

Cement, Portland, for floors, 203-204 

Centrifuge, speed of, 546 

Cephalin, 10, 24 

relation of, to oxidized flavor, 192 

Certified milk, 77 

development of, 6, 77-78 

medical examinations of employees in 

regard to, 77 

Cheese, Cottage (see Cottage cheese) 

Gorgonzola, 43 

Roquefort, 43 

Children, nutrition of, 538 

Chloramine, 282-283 

Chloramine T (see Chlorine) 

Chloride, relation of, to milk taste, 177— 

179 

Chloride-lactose number, defined, 177 

relation of, to milk taste, 177—179 

Chlorine preparations, classification of, 

262 

composition of, 262 

reducing corrosion by, 261 

sterilization with, 35, 261-265 

(See also Sterilization, of milk- 

plant equipment) 

Chlorine solutions, corrosive action of, 

265 
factors influencing stability of, 263-265 

preparation of, 263 

testing strength of, 571-572 

use of, 265 
Chocolate milk drinks, 383-387 

preparation of, with corn starch as 

stabilizer, 384-385 

with no stabilizer, 384 
with nonsettling cocoa powders as 

stabilizer, 386 
with nonsettling cocoa syrups as 

stabilizer, 386-387 
with sodium alginate as stabilizer, 

385-386 

uses of, 383-384 

Cholesterol, 10, 24, 392, 399 
formation of vitamin D from, 398-399, 

533 

Choline, 25 
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Chrom-glucosates, 314 
Chromium-nickel alloy, 192 

composition of, 220 
Chromium-nickel-iron alloys, 192 

composition of, 218 
effect of, on milk flavor, 192, 218 
effect of chlorine solutions on, 265 
maintenance of, 219-220 
passification of, 219 
properties of, 218-219 
washing of, 243 

Churning, influence of size of fat globules 
on, 24 

Citrates, influence of, on fat clumping, 
335, 348, 349 

in milk, 27 
Citric acid for cleaning plate-type 

heaters, 243 
City milk plant, air conditioning of, 214 

construction and arrangement of, 197— 
215 

departments of, 220 
depreciation rates of, 585-587 
development of, 5 
doors for, 210-211 
equipment of, metals for, 216-220 
fans for, 212-213 
floor plans for, 198-201 

factors influencing, 199-202 
preparing, 199-202 

floors for, 202-208 
inspection of, 504-518 

general sanitation of, 513 
inspection form for, 515-518 
insulation of, 212 
laboratory, 543, 544 

arrangement of, 543-544 
equipment for, 544-545 
floor plan of, 543 
location of, 543 

location of, 197 
factors influencing, 197-199 

municipally controlled, 296 
operation of, 220-234 
painting of, 214-215 
pasteurizing department, operation of, 

223-228 
receiving milk at, 220-223 
sanitary requirements for, 505-509 
score card for, 513-514 
skylights for, 209 211, 213 
ventilation of, 212-213 

City milk plant, walls for, 209-210 
windows for, 210-211 

Clarification, effect of, on bacterial count 
of milk, 227-228 

on cell count of milk, 228 
on creaming of milk, 227, 337 

of homogenized milk, 389, 391 

Clarifiers, airtight, 226 
milk, 226-228 

Cleaning (see Sterilization; Washing) 
Clumping of fat globules, 333-336 

effect of homogenization on, 348, 387 
effect of salts on, 335 

Cocarboxylase, 532 
Cocoa (see Chocolate milk drinks) 
Cocoloid (see Sodium alginate) 
Coconut meal, effect of, on milk flavor, 

185 
Cod-liver oil, 392, 533 
Coenzyme, 532 
Coffee, influence of, on cream feathering, 

348-349 
variations in ability of cream to color, 

353 
Coil vats, 269-270, 315 
Colloidal dispersion, 9 
Colostrum milk, 2, 20 

composition of, 20 
Compressor, factors affecting costs of 

operation of, 309-310 
function of, 302-303 
horsepower requirement of, 303 
oil for, 303 
types of, 303 

Concentrate feeds, effect of, on milk 
flavor, 185-186 

Condenser, cooling of water for, 306-307 
double-tube, 303-304 
evaporative, 305 
function of, 303 
multipass, 305 
shell-and-tube, 304-305 
water requirements of, 305-306 

Conductivity, electrical, of milk, 30 
Containers, contamination of milk by, 46 

inspection of, 507 
storage of, 508-509 

sterility of, determination of, 559-560 
two-quart, 439-440 

Controllers, milk-temperature, 292 
steam-pressure, 291-292 
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Coolers, milk, brine refrigerated, 320 

cabinet, 317, 320 

conical, 99 

direct-expansion-ammonia, 319-320 

internal-tubular (double-tube), 318 

washing of, 245 

plate-type, 317-318 

washing of, 243-244 

storage room, 325-326 

surface, 99-100, 315-317 

washing of, 244-245 

water velocity in, 318-319 

sweet-water refrigerated, 320-321 

Cooling of milk, at city milk plant, 315 

with cold air, 321 

delayed influence of, on bacterial count, 

97, 98 

effect of, on creaming of milk, 336-337, 

340 

equipment for, 315-318 

at the farm, 98-100 

importance of, 97, 98, 315 

inspection of, 511 

media for, 318-321 

at receiving stations, 134 

regenerative systems for, 283-285 

systems for, 315 

tank for, 98 

(See also Milk-cooling tank) 

Cooling towers, 306-307 

atmospheric, 307 

forced-draft, 307 

Copper, in milk, 10, 26, 27 

relation of, to oxidized flavor of milk, 

192-193 

tinned, 190, 216, 265 

value of, in nutrition, 530 

Copper alloys, composition of, 191 

effect of, on milk flavor, 191-192, 

216-217 

Cooperative associations, relation of, to 

transportation facilities, 162 

Corn, effect of, on milk flavor, 180-181, 

184 

Corrosive sublimate, 148 

Corynebacterium diphtheriae, 56 

(See also Diphtheria) 

Cost, of distribution of milk in glass vs. 

fiber containers, 420-422 

of handling 100 pounds of milk at the 

receiving station, 139 

Cost, of hauling milk, direct, 160-163 

local, 164 

of homogenization, 390 

of ice manufacturing, 328 

of milk control, 525 

of milk distribution, 434-441 

of milk processing, 234-239 

of milk production, 442-459 

as a basis for price, 485-486 

examples of data obtained from 

studies of, 449-454 

factors influencing the, 454-458 

influence of efficiency in labor utiliza¬ 

tion on, 456-458 

of production per cow on, 455-457 

of size of herd on, 457 

items considered in studies of, 444- 

449 

methods of determining, 442-444, 

452, 485 

bulk-line, 485-486 

formula, 443-444, 450, 486 

field, 443-444 

standard cost, 452-454, 486 

use of data, 442 

of operating bottle exchanges, 416-417 

receiving stations, 136-139 

retail routes, 428-429 

wholesale routes, 428-429 

of producing fluid milk as compared 

with manufacturing milk, 458 

of refrigerating milk during delivery, 

423-424 

of selling and delivering one quart of 

milk, 435-437 

of selling milk by retail stores, 438-439 

of tank car shipment of milk, 165 

of tank truck shipment of milk, 168- 

169 
of transportation, influence of on milk- 

producing zones, 463-465 

Cottage cheese, 406-410 

method of manufacture of, 407-409 

pasteurization of milk for, 406 

skim milk for, 233 

yield of, 409-410 
Cottonseed meal, effect of, on milk 

flavor, 185 
Country plants (see Receiving stations) 

Cowpeas, effect of, on milk flavor, 184 

Cows, body, source of bacteria in milk, 45 

clean, 84-86 
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Cows, healthy, 84 

inspection of, 499 

washing of, 85 

Cowyards, inspection of, 500 

Crates, icing of, 232 

Cream, Babcock test of, 548—549 

cereal, 3G6 
commercial sour, 400-401 

preparation of, 401 

expansion, coefficient of, 32 

freezing of, effect on, 328—329 

fluid (see Fluid cream) 

gelatin in, 365-366 

“half and half,” 366 

how to whip, 360-362 

layer, on milk, fat test of, 339 

measurement of, 340-342 

“normal,” 330-331, 342-343 

market (see Fluid cream) 

milk solids-not-fat in, 365-366 

pasteurization of, 347 

plug, formation of, on bottled milk, 340 

on cream, 351 

rancid, 188-189, 345 

ready-whipped, 364 

sampling for fat test, 147 

separation of, 232-234, 346 

of at pasteurizing temperature, 233 

separator, invention of, 2 

(See also Separation) 

sodium alginate in, 365-366 

sources of, 345 

specific gravity of, 29 

heat of, 31 

standardization problems, 581-583 

substandard, 366 

table, 345-347 

(See also Table cream) 

transportation of, 153, 173 

viscosity of, 353-359 

factors influencing, 353-354 

increasing by temperature treat¬ 

ment, 354-356 

influence of fat content on, 362 

measurement of, 356-359 

practical control of, 354 

weight per gallon, 29 

whippers, types of, 362-363 

whipping, 347-348 

by aeration, 363, 364 

principles of, 359-360 

(See also Whipping cream 

Creaming of milk, effect of agitation on, 

337-338 

effect of clarification on, 227, 337 

effect of cooling on, 336-337, 340 

effect of filtering on, 226 

effect of freezing on, 328-329 

effect of heat on, 331, 335, 338-339 

effect of standardization on, 339-340 

gravity method of, 2, 331-332 

rate of, 339 

relation of breed to, 331 

theories of, summary of, 336 

Crvoscope, 30, 576 

Cultured buttermilk (see Buttermilk) 

Cultured cream, 400-401 

Cultured milk, 37 

Curdling, sweet, of milk, 38 

Curd tension (see Soft-curd milk) 

Cystine, 534 

D 

Dairy cattle, guarding the health of, 

71-76 

(See also Cows) 

Dairy equipment, sterilizing of, 240-248 

(See also Sterilization) 

washing of, 240-248 

(See also Washing) 

Dairy inspection, 490-527 

authority for, 490 

cost of, 525 

organization of, 526-527 

scope of, 492 

selection of personnel for, 526 

in small towns, 527 

(See also City milk plant, inspection 

of; Dairy-farm inspection) 

Dairy wastes, disposal of, 130-132 

inspection, of, 507 

by trickling filters, 131-132 

Dairy farm, buildings on, location of, 102 

sanitary construction and arrange¬ 

ment of, 102-127 

(See also Milking stable; Milk- 

house; Toilet) 

improving roadside appearance of 
124-127 

score card for, 124-127 

inspection of, 492-503 

form, 496-499 

procedure, 493 



608 THE MARKET-MILK INDUSTRY 

Dairy farm, inspection of, score card for, 

493-494 

Dairying, advanced with population, 2 

educational institutions contribute to 

progress of, 3 

Dairymen’s cooperative bargaining asso¬ 

ciations, 467-469 

operation of, 468-469 

types of, 467-468 

“Dead-ends,” 295 

Defrosting of evaporators, 326-327 

Delivery, of cream, 347 

ready whipped, 364 

by electric truck, 423 

every-other-dav, 441 

by gasoline truck, 423-424 

by horse and wagon, 422-423 

inspection of, 512 

methods of reducing costs of, 439-440 

Delivery costs per quart of milk, 435-437 

(See also Cost of milk distribution) 

Delivery equipment, refrigeration of, 

423-424 

appearance of, 424-425 

Denaturing milk, 513 

Depreciation rates, of dairy cattle, 446 

of dairy-farm equipment, 446 

of milk-plant equipment, 585-587 

“ Dew point,” 110 

Diastase (see Amylase) 

Diet, balanced, 530 

mixed, digestibility of, 537 

Diphtheria, 56, 77 

milk-borne epidemics of, 50, 56 

Dipper-strainer test, 142-143 

Direct microscopic count, 560 

(See also Breed count) 

Direct shipments of milk, 159-162 

handling of at city milk plant, 222-223 

Direct-expansion milk coolers, 316, 319- 

320 
Direct-expansion refrigeration, 310 

Diseases, animal, transmitted through 

milk, 57-66 
human, transmitted through milk, 

51-57 
reporting of infectious, 512-513 

Distribution of milk, 413-441 

cost of, 434-440 

facilities for, 413 

problems in the, 433-441 

Distribution of milk, requirement for 

successful program, 413 

(See also Containers; Delivery; 

Route) 

Doors, for city milk plants, 210-211 

for milk houses, 118 

Drip saver, 223 

Drivers (see Route salesmen) 

Drugs, influence of on fat percentage of 

milk, 17 

Dysentery, 57, 77 

control of, 57 

milk-borne epidemics of, 50 

E 

Eberthella typhosa, 52 

(See also Typhoid fever) 

Electrical conductivity of milk, 30 

Electrodes for pH measurement, 28 

Electrokinetic theory of fat clumping, 

335-336 

“Electro-Pure” pasteurizer, 289-290 

Elwell plan, 440-441 

Employees, laboratory examination of, 

76-78 

safeguarding health of, 76-78 

Endamoeba histolytica, 57 

Enzyme treatment for preparing soft- 

curd milk, 405 

Enzymes, bacterial, 34, 43 

definition of, 41 

in milk, 10, 26, 41-42 

(See also Amylase; Catalase; Galac- 

tase; Lipase; Peroxidase; Phos¬ 

phatase) 

Equalization fund, 476, 483, 484 

Ergosterol, 392, 395, 398 
formation of vitamin D from, 400, 

533 

Escherichia coli, 37, 45 
Escherichia-aerobacter group of bacteria, 

37, 38, 45 

Eupatorium urticaefoliuin, 65 

Evaporated milk, curd tension of, 404 

Evaporating coils (see Expansion coils) 

Expansion coefficient, of cream, 32 

of milk, 31-32 

Expansion coils, 301-302 

defrosting of, 326-327 
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F 

Fans, for city milk plants, 212-213 

Farrington oven, 554 

Fat, caloric value of, 530 

digestibility of, 537 

function of, in nutrition, 529 

globule membrane, 24 

(See also Milk fat) 

Fatty acids of milk fat, 21, 22 

insoluble, 22 

melting points of, 21, 22 

nonvolatile, 22 

saturated, 21, 22, 23 

soluble, 21, 22 

unsaturated, 21, 22, 23 

relation of, to oxidized flavor, 25, 192 

volatile, 21, 22, 23 

Feathering of cream, 348-349 

effect of coffee on, 348-349 

effect of homogenization on, 348-349 

Feed, influence of, on ascorbic acid con¬ 

tent of milk, 536 

on color of milk fat, 24 

on copper content of milk, 27 

on cost of milk production, 445, 455- 

456 

on fat percentage of milk, 14 

on iron content of milk, 27 

on milk fat composition, 23 

on milk flavor, 180-186 

on thiamin content of milk, 536 

on vitamin D content of milk, 394- 
396 

Feed flavor, rapidity of absorption of, 185 

Fermented milk (see Acidophilus milk; 
Buttermilk) 

Ferric chloride, influence of, on fat clump¬ 
ing, 335 

Fiber containers, 418-422 

advantages claimed for, 420 

bacterial standard for, 419-420, 507 

comparison with cost of distributing in 

glass containers, 420-422 

determination of sanitary quality of 
419 

disadvantages of, 420 

inspection of, 507 

Filtering, effect of, on bacterial count of 

milk, 226-228 

on cell count of milk, 226 

on creaming of milk, 226 

Filtering, of homogenized milk, 389 

Filters, milk, 224-225 

Filtrate factor, 534 

Fishy flavor and odor, cause of, 25 

Flagella, 34, 35 

Flakice, 327 

Flavin factor (see Riboflavin) 

Flavor, absorbed, 186-187 

bitter, 38 

cooked, 176, 269 

directions for scoring of, 521, 523 

effects of homogenization on, 388-389 

of feed in milk, 180-186 

influence of alfalfa on, 181-184 

of alfilaria, 184 

(See also Alfalfa; Rancidity in 

milk) 

of barley, green, 184 

rolled, 185-186 

of beet pulp, dried, 185-186 

of bitterweed, 184 

of brewers’ grains, wet, 185 

of cabbage, 184 

of clover, 181 

of coconut meal, 185 

of corn, 184 

of corn silage, 180-181 

of cottonseed meal, 185 

of cowpeas, 184 

of foxtail, 184 

of garlic, 184-185 

of legume silage, 181 

of mustard, 184 

of potatoes, 184 

of rye, 184 

of tarweed, 184 

of turnip, 184 

of wheat bran, 185 

of wild oats, 184 

of wild onion, 184 

of wild radish, 184 

rapidity of absorption of, 185 
fishy, cause of, 25 

oxidized, definition of, 190 

due to sunlight, 193-194 

effect of homogenization on, 389 

metals that cause, 190, 216-217 

metals that do not cause, 192 217— 
220 

in milk of individual cows, 192 

relation of lecithin to, 25 

of carotene to, 193 



610 THE MARKET-MILK INDUSTRY 

Flavor, oxidized, relation of phospholip- 

ides to, 25, 192 

source of, 192 

testing for susceptibility to develop¬ 

ment of, 193 

variations in susceptibility of milk 

to development of, 192-193 

rancid, 42, 176, 188-190 

(See also Rancidity in milk) 

“sunshine,” 193-194 

(See also Taste) 

Flavors for whipping cream, 364-365 

Flies, construction features to exclude 

from city milk plants, 210-211 

control of, by electric fly killers, 82 

by fly traps, 81, 82 

by manure disposal, 81 

by poisons, 81 

life history of, 80-81 

Floor drains for city milk plants, 208 

Floor plans, for city milk plants, 198, 201 

for milk plant laboratory, 543 

for milkhouses, 116, 122 

for milking stables, 103-104, 109 

Floor plates, metal, 204 

Floors, for city milk plants, 202-208 

slope of, 207-208 

for milkhouses, 117-118 

for milking stables, 106, 112 

Flow-diversion valve, 290, 292-293 

Food, functions of, 528-530 

Food accessories (see Vitamins) 

Food poisoning, milk-borne, outbreaks of, 

50, 67 
Foods, caloric value of, 530 

for balanced diets, 530 

“protective,” 538 

Foot-and-mouth disease, 64 

importance of, 65 

infection of milk by, 64 

prevalence of in animals, 64 

Foremilk, 16 

Formaldehyde, 81, 148 

Formalin (see Formaldehyde) 

Fluid cream, factors influencing price 

differentials for, 463-467 

(See also Fluid milk) 
Fluid milk, factors influencing price 

differentials for, 463-467 

local competition, 466 

maintaining an even supply, 466 

prices of other farm products, 467 

Fluid milk, sanitary requirements, 465- 

466 

transportation costs, 463-465 

value of skim milk, 466 

Foxtail, effect of, on milk flavor, 184 

Freezing, of cream, 328-329 

of milk, 328-329 

Freezing point of milk, 29 

determination of, 30, 576 

Freon, 299 

G 

Galactase in milk, 10, 41 

Galactose, 25 

Galactosides, 534 

Garget (see Mastitis) 

Garlic, effect of, on milk flavor, 184 

Gas, chlorine, 262 

Gases in milk, 10 

Gas-forming bacteria, 37, 45 

Gastroenteritis, cause of, 68 

milk-borne epidemics of, 50 

prevention of, 68 

Gelatin, 351, 365-366 

use of, in sour cream, 401 

Gerber test, 549-550 
“Germicidal” property of milk, 40-41 

Glass electrode, 28 
Glass-enameled metals, 192, 218, 272 

washing of, 242 

Globulin, 25 
(See also Lactoglobulin) 

Glucose, 25 

Glycerol, 21 
Glycerides (see Triglycerides) 

Glvmol, 578 

Goat milk, 9 
Gorgonzola cheese, 43 

Grades of milk, 504-505 
Grading milk at the receiving platform, 

139-146 

Grouting for tile floors, 205 

Guaiaconic acid, 41 

H 

Hauling, direct, 159-162 
arrangements for, 159-160 
comparison with receiving-station 

shipment, 163 164 222_223 
handling at city milk plant, 222 116 
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Hauling, direct, inspection of, 503-504 

rates for, 160-162 

reducing cost of, 162 

local, 164 

cost of, 164 

inspection of, 503 

Heat, effect of, on creaming of milk, 

338-339 

nature of, 297 

treatment, influence of, on curd ten¬ 

sion of milk, 404 

Heat (see Oestrum) 

Heaters, air, 271, 277-279 

continuous-flow, 273-274 

inspection of, 510 

double-tube, 276-277 

electric, 289-290 

plate-tvpe, 274-276 

washing of, 243-244 

regenerative, 283-285 

Hemolytic streptococci, 39, 40, 54 

Hexametaphosphate, 305 

History, of Brucellosis, 61-63 

of homogenized milk, 390 

of the homogenizer, 387-388 

of the market-milk industry, 1-8 

of pasteurization, 5 

of the transportation of milk, 149-156 

Holders, continuous flow, 273-274, 279- 

280 

tests to determine accuracy of, 

282-283 

multiple-compartment, 273, 279-280 

regenerative, 283-285 

tank systems, 268-274, 280-282 

Holding, control of time of, 510 

Homogenization, of commercial sour 

cream, 401 

cost of, 390 

definition of, 387 

effect of, on ability of cream to color 

coffee, 353 

on clumping of fat globules, 348, 387 

on cream feathering, 348-349 

on curd tension of milk, 404 

on hydrolysis of milk fat, 189, 391 

on milk flavor, 189, 388-389 

on oxidized flavor, 389 

on size of fat globules, 388 

on skim-milk layer in cream, 350-351 

on whipping cream, 348, 363 

of milk, 391 

Homogenization, of table cream, 347 

Homogenized milk, 387-392 

Babcock test for, 549 

disposition of returned, 391-392 

history of, 390 

preparation of, 390-391 

sediment in, 389 

separation of, 388, 391 

standard for, 389-390 

uses of, 390 

Homogenizer, history of, 387-388 

rotary, 388 

sonic vibrator, 388 

sterilization of, 247-248 

Hordeum murinum, 184 

Human diseases transmitted through 

milk, 51-57 

Human milk, 9, 401 

Human tuberculosis, 51 

Hydrogen electrode, 28 

Hydrogen peroxide, 41 

Hydrogen-ion concentration, importance 

of, in dairy technology, 28 

measurement of, 28 

of milk, 27 

Hypochlorite (see Chlorine) 

I 

Ice, brine, 327 

manufacture of, 327-328 

power consumption for, 328 

tube, 327 

Icing milk bottles, 232 

Indigestion among cows, 68 

Indirect systems of refrigeration, 312-313 

Individuality, influence of, on fat per¬ 

centage of milk, 13 

Infants, milk for, 537-538 

Inhibitors, brine, 313-314 

Inspection form,'for dairy farms, 496-499 

for pasteurizing plants, 515-518 

for receiving stations, 515-518 

Inspectors’ samples, 518-520 

Inspectors’ thermometers, 509-510 

Insulation, of city milk plants, 212 

of cold storage rooms, 321-325 

Insulation material, 321-323 

Iodine, function of, in nutrition, 530 

in milk, 10, 26, 27 

relation of, to feed of cow, 27 

sources of, in foods, 27, 535 
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Iron, food sources of, 535 

human requirements of, 540 

in milk, 10, 26, 27, 540 

value of, in nutrition, 530, 535 

Irradiated milk (see Vitamin D milk) 

Irradiator, milk, 397 

J 

“Jewish” sour cream, 400 

IC 

Kefir, 383 

Koeldermilk, 383 

Kumis, 383 

L 

Labor for milk production, 445, 457-459 

Laboratory, bacteriological, equipment 

for, 544-545 

(See also City milk-plant laboratory) 

chemical, equipment for, 544 

Laboratory reagents, 578 

Laboratory table-top stain, 578 

Laccase, 42 

Lactalbumin, in milk, 9, 10, 20 

origin of, 25 

percentage of, in milk, 20, 25 

relation of, to vitamin D, 399 

Lactase, 26, 42 
Lactation, influence of stage of, on cell 

count of milk, 43 

on chloride content of milk, 177, 179 

on fat percentage of milk, 14 

on induced lipolysis of milk fat, 190 

on lactose content of milk, 177, 179 

on milk fat composition, 23 

on size of fat globules, 24 

on taste of milk, 187-188 

Lactic acid fermentation, 26 

relation of, to acidity of milk, 27, 28 

Lactobacillus acidophilus, 37, 380-382, 534 

Lactobacillus bulgaricus, 382 

acidity produced by, 37, 383 

Lactoflavin (see Riboflavin) 
Lactoglobulin, in milk, 9, 10, 20 

percentage of, 20, 25 

origin of, 25 

Lactometer, 551-553 

procedure for using, 551-552 

Lactometer, temperature correction of, 
552 

Lactose, bacterial fermentation of, 26 

function of, in nutrition, 534 

in milk, 9, 10, 12, 17, 20, 26 

origin of, 25 

relation of, to milk taste, 177-179 

sweetness of, 26 

Lancefield, 54 

Laurie acid in milk fat, 21, 22, 23 

Lead in milk, 27 

Leben, 383 

Lecithin, in milk, 10, 24 

relation of, to oxidized flavor, 25, 192 

to fishy flavor, 25 

structure of, 24-25 

Legal definition of milk, 10-11 

Legal standards for milk, 10 

variations in, 10-11 

Leucocytes, detection of, 560, 563-564 

in homogenized milk, 389 

relation of, to catalase, test, 42 

significance of, in milk, 43 

Leuconostoc dextranicum, 37 

Line-test for vitamin D, 393 

Linoleic acid in milk fat, 21, 23 

Lipase, effect of homogenization on, 391 

in milk, 10, 42, 188-190 

(See also Flavor; Rancidity, in milk) 

Lipolysis (see Rancidity, in milk) 

Logarithms, table of, 584 

use of, in averaging bacterial counts, 

558-559 
Lye, use of, for sterilization of milking 

machines, 94 

Lysine, 534 

M 

Malta fever, 61 

(See also Brucellosis) 

Mammitis (see Mastitis) 

Manganese in milk, 10, 26, 530 

Mann’s acidity test, 555 
Manure, disposal of, 100-101, 111-112 

inspection of, 500 

Market milk, control of, 490 

(See also Dairy inspection) 

Mastitis, 66-67 
detection of, by use of amylase test, 42 

by use of bromothymol blue, 28, 43 

by use of strip cup, 67 
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Mastitis, influence of, on acidity of milk, 

28 
on bacterial count of milk, 44 

on composition of milk, 17 

on conductivity of milk, 30 

on leucocyte count of milk, 43 

on phosphates in milk, 570 

on taste of milk, 187 

organisms causing, 66-67, 564 

relation of, to scarlet fever, 55 

to streptococcus sore throat, 54-55 

tests for, 43 

Mechanical refrigeration, influence of, on 

development of market-milk indus¬ 

try, 6 

physical laws of, 297-299 

systems of, 299 

(See also Compressor; Condenser; 

Refrigeration) 

Mediterranean fever, 61 

(See also Brucellosis) 

Melting point (see Fatty acids; Milk fat) 

Mercuric chloride, 148 

Mesophilic bacteria, 35, 36, 40 

Metals, that cause oxidized flavor, 190, 

216-217 

that do not cause oxidized flavor, 192, 

217-220 

Methionine, 534 

Methyl chloride, 299 

Methylene blue, for determining accu¬ 

racy of continuous flow holders, 282- 
283 

reduction test, 144, 564-567 

operation of, 566 

reading of, 566 

Methylene-blue stain for Breed count, 
562 

Microorganisms (see Bacteria; Molds; 
Yeast) 

Microscopic count, 144, 560 

(See also Breed count) 

Middlemilk, 16 

Milk, acidity of, 27, 28 

test for, 554-555 

acidophilus, 380-382 

amylase in 10 

animal diseases transmitted through 
57-60 

ash of (see Minerals of milk) 

Babcock test of, 546-548 

Milk, bacteria, types in, 37-40 

(See also Bacteria) 

beverages (see Buttermilk; Chocolate 

milk drinks) 

body cells in, 42-43 

boiling point of, 30 

boron in, 27 

bottle, closures, 417-418 

bottling of, 228-231 

breast, 537 

calcium in, 10, 535, 540 

calcium phosphate in, 25 

capping of, 228-231 

carbon dioxide in, 27 

carotene in, 10 

(See also Carotene; Vitamin A) 

casein in, 9, 10, 25 

catalase in, 10 

cephalin in, 10, 24 

certified (see Certified milk) 

chemical nature of, 9, 10 

chemical properties of constituents of 

20-28 

chemical reaction of, 27 

chocolate drinks, 383-387 

choline in, 25 

citrates in, 27 

clarification of, 224, 226-228 

classes of, 473 

colloidal nature of, 9, 25, 26, 30 

influence of on the color of milk, 29 

colon-aerogenes count of, 37-38 
color of, 24, 29 

colostrum 2, 20 

composition of, 9-28 

average of, 9, 12 

factors influencing, 9, 13-20 

variations in, 13 

conductivity of, 30 

control (see Dairy inspection) 

copper in, 10, 26, 27 

(See also Copper) 

cooling of, 315-341 

(See also Cooling) 

cost of production of, 442-459 

creaming of, 330-343 

(See also Creaming) 

cultured, 37 

(See also Buttermilk) 

definition, legal, 10 

delivery, 422-433 

(See also Delivery; Route) 
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Milk, denaturing rejected, 513 

digestibility of, 537 

distribution of, 413-441 

(See also Distribution) 

economy of, in nutrition, 539 

education for increased consumption 

of, 541 

enzymes in, 10, 41-42 

(See also Enzymes) 

expansion, coefficient of, 31, 32 

filtering of, 224-226 

flavor, importance of, 175-176 

(See also Flavor; Taste) 

fluid, cost of producing as compared 

with manufacturing milk, 458 

freezing of, effect on, 328-329 

freezing point of, 29 

galactase in, 10 

gases in, 10 

germicidal property of, 40-41 

glass bottle, invention of, 6 

glass containers for, 413—415 

goat, composition of, 9 

grades of, 504-505 
grading at receiving platform, 139-146 

healthfulness of, importance of, 49 

homogenized, 387-392 

(See also Homogenization) 

human, composition ot, 9 

human diseases transmitted through, 

51-57 
inorganic constituents of, 26, 27 

inspection (see Dairy inspection) 

iodine in, 10, 26, 27 

iron in, 10, 26, 27, 540 
irradiated (see Vitamin D milk) 

lactalbumin in, 9, 10, 25 

lactose in, 9, 10, 12, 25 

(See also Lactose) 

lactoglobulin in, 9, 10, 25 

lactometer reading of, 551 

lead in, 27 
lecithin in, 10, 24, 25 
legal standards for, variation in, 10 

leucocytes in, 42-43 

lipase in, 10 „ 
(See also Lipase; Rancidity m 

milk) . 
low count, essentials for production of, 

82-101 

manganese in, 10, 27 

minerals in, 10, 26, 535, 540 

Milk, modified, 26, 537-538 

in nutrition, 534-541 

outbreaks of diseases carried in, 50 

pail, small top, 86, 87 

pasteurization of, 267-296 

(See also Pasteurization) 

pasteurized, types of bacteria in, 39 

peroxidase in, 10 

pH of, average, 27 

phosphatase in, 10, 42, 570 

phosphate in, 9, 27 

phospholipides in, 10, 24, 192 

phosphorus in, 10 

physical properties of, 28-32 

price plans, for buying, 467-489 

price, determination of, 485-487 

processing, cost of, 234-239 

producers’ associations, 467-469 

proteins in, 10, 25 

pumps, 224 

raw, types of bacteria in, 39 

refractive index of, 30 

ropy, 38-39, 45 

samplers, 146 

sampling of, for fat test, 144-146 

separation of, 232-234 

sickness, outbreaks of, 65-66 

symptoms in animals, 66 

single-service fiber containers for, 41S 

422 

soft-curd, 401-406 

(See also Soft-curd milk) 

solids-not-fat, factors influencing per¬ 

centage of in milk, 17 

(See also Solids-not-fat) 

relation of, to fat percentage of milk, 

18-20 
standards for, U.S. Public Health 

Service, 12 
sour, growth of yeasts and molds in, 44 

specific gravity of, 28 

heat of, 31 
standardization of, 223-224 

standardization problems, 581-583 

storage of, 223-224 
storage room, 231-232, 321-327 

straining on the farm, 86-87 

structure of, 9 

sugar (see Lactose) 
supply, competition for at receiving 

station, 129 

early supervision of, 7 
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Milk, sweet curdling of, 38 

taste of, 177-179 

variations in, 177 

temperature-controller, 292 

tin in, 27 

titanium in, 27 
transportation of (see 1 ransportation, 

Hauling; Shipment) 

vanadium in, 27 

viscosity of, 32 

vitamin D, 392-400 

(See also Vitamin D milk) 

vitamins in, 10 

(See also Vitamins) 

weight per gallon, 29 

zinc in, 10, 26 

Milk control (see Dairy inspection) 

Milk fat, 10, 20 

chemical properties of, 20-22 

composition of, 21, 22 

factors influencing, 22-24 

constants, 22 

differentials, 487-488 

fatty acids of, 21 

(See also Fatty acids) 

function in nutrition, 534 

globules, 9 

charge on, 335 

clumping of, 333-336, 387 

agglutinin theory of, 334-335 

electrokinetic theory of, 335-336 

effect of homogenization on, 388 

membrane on, 24, 25 

size of, factors influencing, 24, 388 

hydrolysis of, 188, 189 

melting point, influence of composition 

on, 21, 22, 23 

percentage, in milk, factors influencing, 

13-17 

relation of to curd tension of milk, 403, 

404 

to solids-not-fat, 11-12, 18-20 

specific gravity of, 551 

heat of, 31 

standard for, U.S. Public Health Serv¬ 
ice, 12 

substances associated with, 10, 24 

test (see Babcock test; Sampling milk) 

Milk-borne diseases, characteristics of, 51 

Milk-cooling tank, 98, 119-122 

construction of, 120-122 

location of, 120 

Milk-cooling tank, types of, 119 

Milker, Rotolactor, 113-114 

Milk-flow stop, 510-511 

Milkhouse, 115-119, 121, 122 

arrangement of, 116—117, 122 

ceilings for, 118 

doors for, 118 

floor space of, 115 

floors for, 11^7-118 

inspection of, 500-501 

location of, 115-116 

ventilation of, 119, 121 

walls for, 118 

windows for, 118 

Milking, influence of incomplete, on fat 

percentage of milk, 16, 17 

influence of intervals between, on fat 

percentage of milk, 15 

inspection of, 502-503 

Milking machines, 90-97 

cleaning of, 91-93 

influence of, on cost of milk produc¬ 

tion, 457-458 

operation and installation of, 95-97 

source of bacteria in milk, 45 

sterilization of rubber parts of, 93-95 

Milking parlor, 112-113 

Milking process, influence of, on fat 

percentage of milk, 16 

Milking stable, 102-114 

air space in, 107-108 

alleys, arrangement of, 103-104 

curbs for, 106 

floors for, 106 

gutters for, 105 

inspection of, 499-500 

light in, 107 

mangers for, 105-106 

sanitary features for, 111-114 

stalls, arrangement of, 103-104 

ventilation of, 108-111 

walls for, 106-107 

Milk-receiving stations, 128-139 

(iSee also Receiving stations) 

Milkshed, characteristics of, 461-463 
definition of, 461 

factors influencing shape and size of, 

462-463 

Milkstone, 240, 242 

Minerals of milk, 10, 12, 26, 27, 535, 540 

acid salts, relation to “apparent” 

acidity, 27 
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Minerals of milk, composition of ash of 

milk, 26 

minor, constituents of milk, 26, 27 

value in nutrition, 530, 535 

Modified milk, 26, 537-538 

Mojonnier tester, for fat, 550 

for solids-not-fat, 553 

Molds, 43 

Monel metal, 191, 216, 26£ 

Mother culture, 370, 381 

(See also Starters) 

Municipally controlled pasteurizing 

plants, 296 

Mustard, effect of, on milk flavor, 184 

Mycobacterium tuberculosis, 60, 286, 570 

(See also Tuberculosis, bovine) 

Myristic acid in milk fat, 21, 22, 23 

Mac Michael viscosimeter, 356-359, 378 

N 

National Dairy Council, 541 

Newman-Lampert stain, 562 

Nickel, 217 

Nicotinic acid, function of, in nutrition, 

534 

human requirements of, 540 

in milk, 10, 540 

Nutrition, economy of milk in, 539 

of adults, 538, 540 

of children, 538 

of infants, 537-538 

plane of, influence of, on fat percentage 

of milk, 14 

principles of, 528—534 

use of milk in, 534-541 

value of pasteurized milk in, 540 

O 

Oats, wild, effect of, on milk flavor, 184 

Odor test, of milk, 140 
Oestrum, influence on fat percentage of 

milk, 16, 17 
“Oiling off” of cream, in hot coffee, 351- 

353 
Oleic acid in milk fat, 21, 22, 23, 24 

Olein, 22 
Onion, wild, effect of, on milk flavor, 184 

Ordinance, U.S. Public Health Service, 

short form of, 491-492 

unabridged form, 588-599 

Orthotolidine, 572 

Osmotic pressure of milk, relation of, to 

freezing point, 30 

Oxidized flavor (see Flavor) 

P 

Painting, city milk plants, 214-215 

milkhouses, 118 

milking stables, 111 

Pakice, 327 

Palmitic acid in milk fat, 21, 22 

Pantothenic acid, 534 

Paratyphoid fever, 53, 77 

milk-borne epidemics of, 50 

Passification of chromium-nickel-iron 

alloys, 219 

Pasteur, 3 

Pasteurization, bacteria that survive, 

39-40 

of cream, 346 

for buttermilk making, 373-374 

decrease in acidity, of milk by, 27 

effect of, on ascorbic acid content of 

milk, 536 

on bacterial flora of milk, 39 

on creaming of milk, 338-339 

on curd tension of milk, 404 

on thiamin content of milk, 535 

efficiency of, 39, 267 

by electric method, 289-290 

by flash method, 5, 269 
by high-temperature short-time 

method, 268, 286-293 

advantages of, 287-289 

automatic control devices for, 291- 

293 
disadvantages of, 289 

influence of, on creaming of milk, 

338 

history of, 5-6 
by holding method, 5, 268-283 

importance of, 82-83, 267 

inspection of, 509-511 

in-the-bottle, 285—286 

methods of, 268 
of milk, for acidophilus milk, 381-382 

for cottage cheese making, 406 

for starter making, 370-372 

phosphatase test of, 42, 570 

proper, precautions to ensure, 294-296 

protein coagulation during, 2o 
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Pasteurization, by regenerative system, 

283-285, 290 
relation of, to milk-borne epidemics, 70 

ropy-milk controlled by, 38-39 

of skim milk for buttermilk making, 

373 

value of, 207—268 

Pasteurization department, operation of, 

223-228 

Pasteurization equipment (see Coolers; 

Heaters; Holders; Pasteurizers; 

Vats) 

Pasteurized milk, creaming of, 338, 340 

flavors in, 176 

nutritive value of, 540 

recontamination of, 295-296 

Pasteurizers, coil vat, 269-270 

continuous-flow, 273, 279 

electric, 289-290 

jacketed with agitators, 272-273 

multiple-compartment, 279 

plate-type, 244, 274-276 

regenerative, 283-286, 290 

spray vat, 270-272 

Pasture feeds, effect of, on milk flavor, 

184 

Pellagra, 534 

(See also Nicotinic acid) 

Peptonizing bacteria, 38 

Peroxidase in milk, 10, 41 

Peroxide, hydrogen, 41 

pH, definition of, 28 

(See also Hydrogen-ion concen¬ 

tration) 

Phenolphthalein, 28, 578 

Phosphatase in milk, 10, 24, 570 

tests for, 42, 286-287, 568-571 

application of, 570-571 

principle of, 568 

Sharer field, 569-570 

variations of, 570 

Phosphates in milk, 9, 27 

influence of, on fat clumping, 335, 348 

Phospholipides in milk, 10, 24 

relation of, to oxidized flavor, 192 

Phosphoprotein (see Casein) 

Phosphorus in milk, 10, 540 

value of, in nutrition, 530 

Pipes, sanitary, inspection of, 506 

sterilization of, 246-247 

Plane of nutrition (see Nutrition) 

Plate count, 143, 555-559 

averaging of, 558-559 

counting colonies, 557 

criticisms of, 560 

incubation of plates, 557 

plating the milk, 556-557 

preparation of media for, 555-556 

relation of, to Breed count, 564 

Plate heaters, 243-244, 274-276 

washing of, 243-244 

Plate-type coolers, 315, 317-318 

washing of, 243-244 

Pool, dealer, 474, 484 

market, 474, 484 

Potassium bichromate, 148 

Potatoes, effect of, on milk flavor, 184 

Price of milk, determination of, 485-487 

by cost of production data, 485-486 

by negotiation, 487 

by relative index of milk prices, 486 

Price plans, 471-485 

basic-surplus, 476-481 

allotment of bases in, 480-481 

base adjustments and transfers in, 

480-481 

bases or new producers in, 479 

determination of base period for, 480 

development of, 477 

“open” and “closed” variations of, 

478-479 

theory of, 476-481 

variations in, 477-481 

combination use classification and 

base, 481-485 

problem illustrating, 481-485 

evolution of, 472 

flat rate, 472 

use classification, 473-476 

problem illustrating, 474-476 
Privy, flyproof, 80 

(See also Toilets) 

Processing milk, cost of, 234-239 

Proteins, bacterial fermentation of, 38 

complete, 529-530, 538 

digestibility of, 537 

function of, in nutrition, 529-530 

incomplete, 529-530 

in milk, 10, 25 

amino acids of, 10, 534, 538 

influence on, acidity of, 27 

value of, in nutrition, 534-535, 538 
540 ’ 
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Provitamin A (see Carotene) 

Provitamin D (see Cholesterol) 

Psychrophilic bacteria, 35, 36, 40 

Public Health Service (U.S.), Milk 

Ordinance, short form of, 491-492 

unabridged form, 588-599 

standards for fat and solids-not-fat, 12 

Pumps, for churning buttermilk, 377-378 

milk, 224 

sterilization of, 247 

Pvridoxine, 534 

in milk, 10 

Q 

Quevenne lactometer, 551-553 

temperature correction for, 552 

Quinhydrone electrode, 28, 43 

R 

Radish, wild, effect of, on milk flavor, 184 

Rancidity, in cream, 345 

in milk, 188-190 

detection of cows causing, 189 

due to bacteria, 190 

due to homogenization, 391 

induced, 188-190 

(See also Flavor; Lipase) 

spontaneous, 188-189 

relation of, to carotene in cows’ 

ration, 189 

Raw milk, creaming of, 337, 340 

flavors in, 176 

Receiving stations for milk, advantages 

of, 128 

equipment for, 134-136 

floor arrangement of, 132-134 

grading milk at, 139—146 

inspection form for, 515-518 

location of, factors influencing, 129-130 

milk supply, 129 
sewage disposal facilities, 129-132 

transportation facilities, 132 

water supply, 129 

number of, in various milk markets, 

150 

operation of, 132-136 

cost of, 136-139 

separating milk at, 233 

Receiving stations for milk, shipment of 

milk, compared with direct haul¬ 

ing, 163-164 

handling of, at city milk plant, 

221-222 
methods of, 164-173 

time consumed in shipping from, 171— 

173 

Reductase test (see Methylene blue) 

Refractive index of milk, 30 

Refrigerant, properties desired in, 299 

Refrigeration, automatic control of, 307- 

308 

capacity, definition of, 309 

compression system of, 301-303 

cycle, 301-303 

of delivery equipment, 423-424 

facilities at receiving stations, 134 

methods of utilization of, 310-313 

pipes, installation of, 208-209 

systems for milk-storage rooms, 325- 

326 
(See also Compressors; Condensers; 

Mechanical refrigeration) 

Regenerative pasteurization, 283-286, 

290 

Rennet, 25 

in cottage cheese, 407-408 

in sour cream, 401 

Resazurin test, 567-568 

Retail milk, cost of processing, 234-239 

(See also Milk Distribution; Route) 

Riboflavin, function of, in nutrition, 

533-534 

human requirements of, 540 

influence of, on color of whey, 29 

in milk, 10, 536, 540 

sources of, 536-537 

Rickets, 392, 530 
(See also Vitamin D milk) 

Rinse method, for determining sterility, 

559-560 

Roese-Gottlieb fat test, 550 

Ropy milk, 38-39 

Roquefort cheese, 43 

Rotolactor milker, 113-114 

Route, checking in of, 433 

checking out of, 431-432 

cost of operating, retail, 428-429 

wholesale, 428-429 

employees per, 428 
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Route, handling unsold products from, 

433-434 

loads, point systems of computing, 

428-430 

organization, 426 

salesmen, appearance of, 425 

payment of, 430-431 

training of, 425-426 

Rye, effect of, on milk flavor, 184 

S 

Salmonella paratyphi, 54 

(See also Paratyphoid fever) 

Salmonella schottmuelleri, 54 

(See also Paratyphoid fever) 

Salometer, 313, 575 

Salts, effect of, on cream feathering, 

348-349 

on curd tension of milk, 404-405 

on fat clumping, 335 

in milk (see Minerals of milk) 

Samplers, milk, 146 

proportional, 146 

Samples, care of, 147-148 

collection of, by inspectors, 518-520 

composite, 146-147 

Sampling cream for fat test, 147 

Sampling milk for fat test, 144-146 

Saturated acids (see Fatty acids) 

Scarlet fever, 55, 77 

infection of milk, 54, 55 

milk-borne epidemics of, 50, 55 

safeguarding milk from, 56 

Score card, for city milk plants, 513-514 

for dairy-farm inspection, 493-494 

rules for using, 495-496 

for milk, 520-525 

American Dairy Science Association 

520-522 

California State Dairy and Milk 

Inspectors’ Association, 522-525 

for roadside appearance, 124-126 
Scurvy, 530, 532 

(See also Ascorbic acid) 

Season of year, influence of, on composi¬ 
tion of milk, 14 

relation of, to induced lipolysis of milk 
190 

Sediment, in homogenized milk, 389 
removal of, 224-227 

scoring of, 521, 523-524 

Sediment test, 141-143 

significance of, at receiving platform, 

224 

Sediment testers, 142 

Separation, of homogenized milk, 388, 

391 

of milk, 232-234, 346 

Separators, airtight, 234 

care of, 233-234 

sterilization of, 234 

Septic sore throat, 54 

(See also Streptococcus sore throat) 

Septic tank, 79-80 

Septic wounds, 68 

Sewage disposal, 79-80 

at receiving stations, 129-132 

(See also Dairy wastes) 

Shardinger’s enzyme, 42 

Sharer phosphatase test, 569-570 

Shigella dysenteriae, 57 

Shipment of milk, direct, by railroad and 

interurban, 162 

inspection of, 503 

by trucks, 159-162 

from receiving stations, 164-167 

(See also Hauling; Transportation of 

milk) 

Silage, A. I. V. (Virtanen) 24, 535 

corn, influence of, on milk flavor, 180- 

lSl 
legume, influence of, on milk flavor, 181 

legume-molasses, 24, 535 

molasses, 535 

Single-service fiber containers (see Fiber 

containers) 

Skim milk, Babcock test of, 549 

value of, in animal feeding, 466 

(See also Pasteurization; Separation) 

Skim-milk layer, in bottled milk, fat test 
of, 339 

in bottled cream, 349-351 

effect of homogenization on, 350-351 

effect of pasteurization on, 350-351 

Skylights for city milk plants, 209, 211 
213 

Sodium alginate, in chocolate milk drink 
385-386 

in whipping cream, 365-366 

Sodium chloride brine, table, 312 

Sodium dichromate, 305, 313 • 

Soft-curd milk, curd tension of. factors 

influencing, 402-405 
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Soft-curd milk, curd tension of, methods 

of determination of, 402 

relation of breed to, 404 

definition of, 402 

difference from hard-curd milk, 402- 

403 

methods of preparing, 403-405 

addition of salts, 405 

base-exchange treatment, 404-405 

enzyme treatment, 405 

heat treatment, 404 

homogenization, 404 

selection of cows, 404 

natural, 404 

status of, 405-406 

Solenoid switch, 307-308 

Solids-not-fat, determination of, 551-554 

formula for calculating, 552 

percentage of, factors influencing, 17 

relation of, to “apparent” acidity of 

milk, 27 

to curd tension of milk, 404 

to fat, 11, 12, 18-20 

specific gravity of, 551 

Solonase, 42 

Sore throat (see Streptococcus sore 

throat) 

Sour cream, commercial, 400-401 

Specific gravity, of cream, 29 

of milk, 28 
determination of, 29, 551-553 

formula for calculation of, 552 

influence of milk fat on, 29 

of milk fat, 551 

of milk solids-not-fat, 551 

Specific heat, of cream, 31 

of milk, 31 

Spray vats, 270-271 
Stabilizers for chocolate milk drinks, 384- 

387 

Stable (see Milking stable) 

Stain, Newman-Lampert, 562 

table top, 578 

Stainless steel, 192 
(See also Chromium-nickel-iron) 

Standardization, of cream, 340-347 

effect of, on skim-milk layer, 350-351 

influence of, on cream-layer volume of 

milk, 339—340 

of milk at city plants, 223-224 

problems illustrating, 581-583 

Staphylococcus, food poisoning from, 67 

Starch, for chocolate drinks, 384-385 

Starch-iodide solution, 282-283 

Starters, 37 

preparation of, 370-372 

bulk, 372-373, 381 

mother, 370, 381 

Stassanizer, 276-277 

Steam, boilers, 89-91 

Steam pipes, installation of, 208-209 

Steam pressure, controller, 291-292 

relation of, to temperature, 88 

Steam sterilization, 88 

(See also Sterilization) 

Stearic acid in milk fat, 21, 22, 23 

Steel, tinned, 216 

(See also Chromium-nickel-iron) 

Steel wool, 220, 243 

Sterilization, of bottle fillers, 247 

by chemicals, 35, 261-265 

definition of, 87 

of homogenizers, 247-248 

inspection of, 507-508 

of milk bottles, 248-256 

of milk cans, 257-260 

of milk pumps, 247 

of milking machines, 93-95 

of pipes, sanitary, 246-247 

of separators, 234 

of surface coolers, 245 

of tank cars, 260-261 

of tank trucks, 260-261 

of utensils on the farm, 88-90, 93-95 

of wooden churns, 379-380 

Sterilizer, farm type, 88 

cost of operation of, 89 

Sterols, 392 

Stokes’ law, 331-333, 336 

Stop, milk-flow, 510-511 

Storage, cold-rooms, 321-327 

construction of, 323-325 

insulation of, 321—325 

refrigeration of, 325—326 

of milk, 223-224 

room for milk, 231—232, 321 

Storage tanks, metal, 220-221, 223 

washing of, 242 
Storage temperature, effect of, on cream¬ 

ing of milk, 336-337 

Store, differential, 438-439 

milk sales by, 438-439 
influence of, on milk consumption, 

438 
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Straining milk on the farm, 86-87, 99 

Streptococci, hemolytic, 39, 40, 54 

nonpathogenic, 39, 40 

Streptococcus agalactiae, 67 

(See also Mastitis) 

Streptococcus durans, 40 

Streptococcus epidemicus, 54 

Streptococcus lactis, acidity produced by, 

37 

first isolated, 3 

source of, 45 

Streptococcus liquefaciens, 38 

Streptococcus mastitidis, 67 

Streptococcus sore throat, 54 

infection of milk, 54 

milk-borne epidemics of, 50, 54 

prevention of, 54, 77 

Streptococcus thermophilus, 382 

Streptococcus zymogenes, 40 

Strip cup, 67 

Strippings, 16, 17 

Sugar for whipping cream, 364-365 

Sulphonated alcohol, 261 

Sulphur dioxide, 299 

Sunlight, effect of, on homogenized milk, 

388 

on milk flavor, 193-194 

influence of, on vitamin D content of 

normal milk, 394 

relation of, to vitamin D, 392 

Surface coolers, 315-317 

Surplus milk, effect of price plans on, 472 

kinds of, 470-471 

Swab method for determining sterility, 

559-560 

Sweet curdling of milk, 38 

Sweet-water systems of refrigeration, 313, 

320-321 

Switch, solenoid, 307-308 

T 

Table cream, defects of, cream-plug 

formation on, 351 

feathering, 348-349 

(See also Feathering) 

“oiling off” in hot coffee, 351-353 

skim-milk formation in, 349-351 

(See also Skim-milk layer) 

variation in ability to color coffee, 

353 

delivery of, 347 

Table cream, features of, 345-346 

preparation of, 346-347 

aging, 347 

homogenization, 347-349, 351 

pasturization, 346 

standardization, 346-347, 350-351 

Tank cars and trucks (see Transporta¬ 

tion) 

Tartaric acid for cleaning plate-type 

heaters, 243 

Tarweed, effect of, on milk flavor, 184 

Taste of milk, abnormal, due to condi- ^ 

tion of the cow, 187-190 

normal, 177 

variations in, 177-179 

salty, 177-179, 187 

Temperature, of steam at different pres¬ 

sures, 88 

of storage, effect of, on creaming of 

milk, 336-337 

Temperature correction for lactometers, 

552 

Temperature treatment of cream, 354 

356 

Terrazzo floors, 207 

Test, acidity, 554-555 

blood-agglutination, 74 

dipper-strainer, 142-143 

methylene blue, 144, 564-567 

odor of milk, 140 

phosphatase, 42, 568-571 

resazurin, 567-568 

sediment, 141-143 

specific gravity, 551-553 

temperature, at receiving platform, 

140-141 

tuberculin, 71-73 

Testing, of chlorine solutions, 571-572 

for fat, 545 

sampling, 144-146 

(See also Babcock; Gerber; Mojon- 

nier; Roese-Gottlieb) 

of homogenized milk for creaming 

389-390 

of milk for susceptibility to oxidized- 

flavor development, 193 

of refrigeration brines, 575-576 

for solids-not-fat, 551-554 

(See also Lactometer; Westphal 

balance) 

for sterility of equipment and contain¬ 

ers, 559-560 
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Testing, for viscosity of cream, 357-359 

of washing solutions, 572-574 

Testing routine, 576-577 

Tests of milk, bacteriological, 555-568 

(See also Breed count; Methylene 

blue; Plate count; Resazurin) 

chemical, 545-555 

Thermoduric bacteria, 36, 40, 294 

Thermometers, 293-294 

air-temperature, 271 

alarm-contact, 272 

checking accuracy of, 293-295 

inspection of, 509 

indicating, 271, 294, 295 

inspectors’, 50&-510 

recording, 271, 294, 295 

Thermophilic bacteria, 36, 40, 294 

source of, 40 

Thiamin, function of, in nutrition, 532 

human requirements of, 540 

in milk, 10, 535, 540 

origin of, 535 

sources of, 532, 535 

Thiosulphate titration, 571-572 

Tile floors, 204-205 

Tin, in milk, 27 

in copper alloys, 191 

Tinned copper, 216 

effect of, on milk flavor, 190 

Tinned steel, 216 

Titanium in milk, 27 

Toilets, concrete slab-and-bowl type, 

123-124 

flush, 122 

flvproof, 80 

inspection of, 501, 505—506 

pit, 122 

Total solids, formula for calculating, 522 

Towers, cooling, atmospheric, 307 

forced draft, 307 

Transportation, of cream, 153, 173 

of milk, 149-174 

by combination railway and truck 

method, 158—159 

facilities for, at receiving stations 

132-133 

history of, 149-156 

by motor trucks, 155—156 

by railroad, 149, 155 

by tank cars, 153 

by tank trucks, 155 

inspection of, 503-504 

Transportation, of milk, by motor truck, 

155-157 
rates for, 161-162, 168-169 

by railroad, 150-155 
freight rates for, 164-166 

from receiving stations, 150, 164-173 
time consumed en route, 171-173 

by tank cars, 153-155 
advantages of, 171 
comparison with tank-truck rates, 

170 
conditions favoring, 170-171 
cost of, 165 
procedure in handling of, 166-167 
time en route, 172-173 

by tank trucks, 155-157 
advantages of, 171 
comparison with tank-car rates, 

170 
conditions favoring, 170, 171 
cost of, 168-169 
procedure in handling, 167-168 
time en route, 172 

trends in, 174 
Trembles (see Milk sickness) 

Tributyrin, 22 
Triglycerides, definition of, 20 

melting points of, 22 
structure of, 21, 24 

Trimethylamme, relation of, to fishy 
flavor, 25 

Tripalmatin, 22 
Trisodium phosphate, 261 
Tryptophane, 534 
Tube ice, 327 
Tuberculin test, development of, 3 

intraderm ic, 72 
ophthalmic, 72 
reliability of, 73 
subcutaneous, 72 

Tuberculosis, bovine, 3, 57-61 
contamination of milk by organisms 

of, 59 
eradication plan, 58, 73 
maintaining herds free from, 73 
prevalence of, in animals, 57-59, 71 

in man, 60—61 
human, 51 

Turnip, effect of, on milk flavor, 184 
Typhoid fever, 51 

“carriers,” 53, 76-77 
infection of milk, 52 
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Typhoid fever, milk-borne epidemics of, 

50, 52-53 
organism responsible for, 52 

U 

Udder, contamination of milk by, 44 

infections (see Mastitis) 

Undulant fever (see Brucellosis) 

Unsaturated acids (see Fatty acids) 

Uranin, 282-283 
Use-classification plan (see Price plans) 

Utensils, inspection of, 501-502 

sterilization of, 87-88 

unsterilized, contamination of milk by, 

45, 87 

V 

Valve, double-pressure, 308 

float, 308 

flow-diversion, 290, 292-293 

inlet, 294 

inspection of, 511 

leak-protector, 269, 294 

inspection of, 511 

outlet, on holders, 269, 294 

inspection of, 511 

thermal-expansion, 307-308 

Vanadium in milk, 27 

Vats, coil, 269-270, 315 

glass-enameled, washing of, 242 

jacketed, with agitators, 272-273, 315 

spray, 270-271 

storage, 221 

washing of, 241-242 

Vegetable by-products, effect of, on milk 

flavor, 184 

Ventilation, of city milk plants, 212-213 

factors affecting, 110 

of milkhouses, 119, 121 

of milking stables, 108-111 

relation of, to moisture in air, 110-111 

Viscogen, 365-366 

Viscolizer (see Homogenizer) 

Viscosimeter, MacMichael, 356-359, 378 
Viscosity, of buttermilk, 378 

of cream, 353-359 

(See also Cream, viscosity of) 

effect of homogenization on, 389 

effect of fat content on, 355, 362 

measurement of, 356-359 

Viscosity, of milk, 32 
effect of homogenization on, 389 

Vitamin A, 10, 24 
function of, in nutrition, 531-532 

relation of, to feed, 24, 531, 536 

source of, in diet, 532 

source of, in milk, 536 

Vitamin B complex, 534 

Vitamin Bi (see Thiamin) 

Vitamin B2 (see Riboflavin) 

Vitamin B6 (see Pyridoxine) 

Vitamin C (see Ascorbic acid) 

Vitamin D, 10, 24 

content of normal milk, 394-395 

influence of feed on, 394-395 

function of, in nutrition, 533 

human requirements of, 540 

methods of estimating amount of, 393 

sources of, 395, 533, 536 

systems of designating units of, 393- 

394 

Vitamin D milk, control of, 399-400 

commercial, 395-398 

formation of, by radiation, 398-400 

fortified, 398 

if radiated, 396-397 

metabolized, 395-396 

Vitamin E, 10, 24 

function of, in nutrition of animals, 533 

sources of, 533, 536 

Vitamin G (see Riboflavin) 

Vitamins, fat-soluble, 531 

function of, in nutrition, 530-534 

in milk, 10 

water-soluble, 531 

W 

Walls, for city milk plants, 209-210 

for milkhouses, 118 

for milking stables, 106-107 

Washbasin in milking stable, 112 

Washers, milk bottle, 248-256 

care of, 255-256 

kinds of, 249-255 

air-brush soaker-type, 254-256 

brush-type, 252-254 

in-the-case, compartment, 249-250 

straightaway, 250-251 

small power, 249 

soaker-type, large, 251 

soaker-type, small, 255 
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Washers, milk can, 257-260 

care of, 260 

kinds of, 257-260 

machine, 258-260 

hand, 257-258 

operation of, 258-259 

washing preparations for, 259-260 

Washing dairy equipment, principles of, 

240 

inspection of, 507-508 

Washing milk bottles, 248—256 

Washing milk cans, 223, 257-260 

principles of, 258 

Washing milk tank cars, 260—261 

Washing milk tank trucks, 260-261 

Washing milking machines, 91-93 

Washing milk-plant equipment, 241-248 

bottle fillers, 247 

coolers, internal-tubular, 245 

coolers, plate-type, 243-244 

coolers, surface, 244-245 

heaters, plate-type, 243-244 

homogenizers, 247-248 

pasteurizers, horizontal-coil, 243 

pipes, sanitary, 246-247 

pumps, milk, 247 

vats, glass-enameled, 242 

holding, small, 241-242 

storage, large, 242 

weigh tank, 241-242 

Washing preparations, properties and 

characteristics of, 240-241 

Washing solutions, effect of, on applied- 

color lettered milk bottles, 253-254 

on milk bottles, 253 

for can washers, 259—260 

pH measurement of, 28 

testing strength of, 572-573 

Water, adulteration of milk with, 2 

detection of, 29, 30, 553, 576 

cooling of, for condensers, 306-307 

use of, for milk cooling, 318-319 

Water pipes, installation of, 208-209 

Water supply, for city milk plants, 78-79 

inspection of, 506 

Water supply, for dairy farms, 79, 100 

protection of, 78-79 

for receiving stations, 129 

Weeds, influence of, on milk flavor, 184- 

185 

Weigh tank, 221, 222 

agitators for, 145-146 

two-compartment, 223 

washing of, 241-242 

Westphal balance, 29, 552-553 

Wheat bran, effect of, on milk flavor, 185 

Whey, color of, 29 

Whippers, cream, types of, 362-363 

Whipping cream, features of, 347 

flavors for, 364-365 

materials added to influence quality of, 

365-366 

preparation of, 348 

sugar for, 364-365 

viscogen in, 365-366 

(See also Cream, whipping) 

“White-metal” (see Copper alloys) 

Wholesale milk, cost of processing, 234- 

239 

Windows, for city milk plants, 210—211 

for milkhouses, 118 

for milking stables, 107 

Wool, steel, 220, 243 

X 

Xerophthalmia, 531 

(See also Vitamin A) 

Y 

Yeast, 42, 43-44 

in fermented milks, 383 

irradiated, 395—396 

Z 

Zinc, in copper alloys, 191 

in milk, 10, 26, 530 

Zymase, 42 
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